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PR1  I  \<  I 


by    moving 
treated  in  this  book  by  the  combined  use  of  influence  loss 

an.i  algebraic  methods.    The  infltience  line  is  ""•"tffr1  by 

thi-  in-atm.-nt   \\ith  tftblsj  Q|   DMMDSBl      •     SJsd  I    id      I 

new  and  entirely  practical  manner. 
The  heart  of  the  text  U  contained  in  equation*  (7)  and 
(8).    These  give  an  easy  and  exact  solution  of  the  maximum 
I  stresses  in  any  structure  whose  influence  Hoes  can 
be  drawn,  replacing,  for  the  more  complicated  structures, 
Mich  a-  .-r  and  swing  bridge*,  arches,  etc.,  the  old 

method  of  placing  the  wheel  loading  by  trial  and  scaling 
:ifluence-line  ordinal**  under  the  loads, 
\  -eeontl  feature  of  the  text  is  the  application  of  equations 
(7)  and  (8)  to  the  simpler  structures,  such  as  girder  bridges 
with  and  without  panels),  pier  reactions,  and  Pratt  trusses 
with  inclined  and  horizontal  chords),  in  which  these  equa- 
tion  are   tran-tWmr.i   ami    Mmph:i«-«l    '••    DMSJ    '!.••    r.....-« 

ments  of  these  ordinary  cases.    This  leads  to  a  series  of 
Mmple  formulas  to  meet  the  needs  of  everyday  designing 
T.>  illustrate  t)ie  application  of  these  formulas,  fully  worked- 
out  examples  are  given. 

The  text  is  supplemented  by  a  very  complete  set  of 
tables,  the  usefulness  of  which  is  at  once  apparent.  The 
greater  part  of  the  matter  in  these  tables  is  new.  A  table 
Mim.  -va*  made  by  Mr.  Josiah  Gibson,  <  I 

an-i  pul.lMied  in  the  I  ngineering  .Vw§.  June  21,  1005;  and 

•Ic  similar  to  Table  1 1  w  given  by  Mr.  J 
in  the  Htigineenng  Neu*  of  (  M    1    1914.    Tables  similar  to 
TaUes  6,  8,  and  9  are  found  in  the  "  Structural  rnsjiisjsjs* 
Handbook  "  by  Dean  Mil-  >    Ketehuin  and  in  the  "  Design 
of  Steel  Bridges     by  M  Kuni. 
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LIVE-LOAD  STRESSES 


\ini<  1 1;  i. 


LOOKS.      DEf 


INFLUENCE  lines  are  uaeful  in 
<>f  live  load  on  a  bridge  to  produce 
offer  also  a  convenient   method  of  deriving 
braic  formulas  for  stresses  and  rules  for 

general  relations  between  influence  lines  and  algebrmir 

formula.-  aiv  oiu-r  un»lrrM«M,.l.    and  in  ?1,.-  BJM  sj   ''••'    '••    R 

complex  problems  of  skew  bridges,  arches,  cantilever  brijsjss, 
th<>  influence  lines  themselves  serve  as  a  most  dirm 
UK -t hod  for  the  determination  of  the  maximum  live-load 
•fames. 

An  influence  line  may  be  defined  as  a  line  showing  the 
variation  in  any  function  caused  by  a  single  unit  load  a* 
it  moves  across  tin  bridge.  Vertical  loads  only  will  br 
•  1.  Tin-  function  may  be  a  reaction,  ^^^•f 
moment,  shear,  stress,  deflection,  or  any  quantity  what- 
soever :it  ;.  -;•.  •  ii  part  of  a  bridge,  provided  that  it*  value 
is  a  function  of  tli"  position  of  the  unit  load  on  the  bridge. 

i;  la.    Consider  the  span  AB,  and  1* 

any  function  at  the  fixed  position  C  on  the  span  /.  1: 
the  load  unity  moves  across  the  span  AB  and  the  value* 
.>f  /  be  calculated  for  each  position  of  the  unit  load  and 
its  value  :  plotted  below  the  eoi responding  position  of  thi» 
load  as  an  or. i inatr  from  a  horiiontal  baae  line,  the  lon» 
of  the  plotted  |H)ints  will  IK*  the  influence  line  for  Z.  For 
example,  if  /  U-  the  bending  moment  at  the  fixed 
c  in  a  beam  of  span  L,  the  influence  line  will  be  as 
Ig,  II)  In  plotting  influence 

i 


I.I\  K-I.n.M)   STRESM 

M-nting  positive  quantities  HIV  plotted  above  the  l>ase  line: 
and  negative,  below.  In  ca>e  the  influence  line  consists  of 
several  straight  -eminent-,  n  I-  necessary  to  determine  the 
value  of  the  ordinates  only  where  the  influence  line  has  a 
change  of  direction;  i.e.,  at  the  salient  points.  For  example'. 


r...   1. 

the  points  A,  C,  and  B  are  the  salient  points  of  the  influence 
line  in  Kip.  Ib. 

The  value  of  Z  caused  by  a  single  load  w  is  equal  to 
w2,  if  z  is  the  influence  ordinate  below  w.  The  value  of  Z 
caused  by  a  series  of  loads  wi,  wt,  w*,  etc.,  is 


0) 


1.1 

where  *i,  :*,  are  the*  influence  ordinaten  beluw  tiir 

corresponding  load*.     1 1  \\  til  lie  convenient  to  *peak  of  «urh 
a  quantity  as  UK  as  an  ordinalr-luad  product. 
Formula     1     therefore  may  be  expreiwed  thus: 
Z  —  Sum  of  urdinatc-ltMtl  products. 
The  area  between  the  influence  line  and  the  bate  line 
is  calli-'l   th<    influence  area.     It   may  be  ahown  that   tin- 
value  of  Z  caused  by  a  uniform  load  on  the  bridge  t»  pro- 
tonal  to  the  area  A,  of  the  influence  line  between  th«- 
onlinates  at  the  extn-mitii^  i.f  th<-  uniform  load.     If  the 

mi  l.ia.l  in  Fig.  la  ha*  an  intensity  of  g  per  ui 
length,  the  load  in  tin-  length  dx  equal*  qdx,  and  the  influ- 
•hi-  rlniM-htary  load  on  the  value  of  Z  i*  tq  dj. 
"  :  i-  thr  intluriirr  ..nlinatc  below  q dr.    Summing  up 
the  Irn^th  «>f  the  uniform  load, 


z- 

If  a  MTU-*  of  equal  load*  w  i*  on  the  span,  the  value  of 
Z  -  Ztftf  -  w 


If  a  S4«ri<*s  of  unequal  load*,  IT,,  trlf  etc.,  i*  multiplied  !•> 
tin-  r..rn's|H»!iilins  nrdinutes  of  an  influrnrr  line  or  a  por- 
tion of  an  inllurnrr  lino  which  has  a  constant  ordin.. 
a*  in  IMR.  lr.  the  vahu-  of  / 


Z  .  *(ir,  +  ir,  +  ...)-  xSir  -  iff 


where  H"  wjuaU  thr  MINI  «»f  these  loads. 

a  series  of  unequal  load*  i*  multiplier!  by  the 

•  i'mates  of  an  influence  line  or  a  portion  of  an 
influence  line  coiiM-ting  of  two  diverging  lines,  as  shown 
In   N  alue  of  Z,  or  the  sum  of  the  ordinate  load 
products  and  thr  uhirh  /  varies  as  the  loading 

advances,  arc  nix-en  by  thr  t\\<.  theorems  that  follow. 
,l,.tin.-.l  at  thr  Inclining  »f  A- 


I  LINK-LOAD   STRESSES 

Theorem  I. 

The  sum  of  the  ordinaie-load  products  between  two  di- 
verging lines  equals  the  difference  between  the  slopes  of 
the  two  lines  multiplied  by  the  sum  of  the  moments  of 
th<>  loads  about  the  intersection  of  these  lines. 

In  symbols,  this  is  stated  as 

Z  =  CaMa (5) 

Theorem  II. 

The  rate  at  which  the  sum  of  the  ordinate-load  prod 
ucts  between  the  two  diverging  lines  increases  as  the  load- 
ing moves  away  from  the  intersection  of  these  lines  equals 
the  difference  between  the  slopes  of  the  two  lines  multiplied 
by  the  sum  of  the  loads. 

In  symbols,  this  is  stated  as 

dZ_  d(C.M.)          dM, 

&-  CaW'-  ^r    c«ir  •      •  (5a) 

The  proofs  of  these  theorems  follow  in  the  next  article. 


\i:rn  i.i.  n. 

•  RATE  OF  VAKIMIMS    "i    "IU>  I  NATO- LOAD  FHIiKlt'il 
BE-IN  lit     nvo    i> !  VERGING    UXBS. 

CONBIDKU  the  diverging  lines  1MB  and  AC  in  Fig.  2. 

tin-  follow  in. 
u?  «  an  tl  load. 

z  -  ordinatc  below  tr  in  the  angle  B.\ 
Z  =  -IV,  -  sum  of  nniiiiate-load  product*. 


3f«  -  2trwj,  =  moment  sum  of  all  loads  to  left  of  Aa 

about  A. 
Wm  »  iv.  =  load  sum  of  all  loads  to  left  of 

SK  -  slope  of  liiu    />.!  -  tangent  of  angle  which  />  l 

maki^  \\iili  tho  horimntnl. 


I  I\  K-  1X3  AD   STRESSES 


8L  =  slope  of  line  AC  =  tangent    <>t    nn^lc-  which  AC 

with  the  huri/oiital. 


C«  -  —  -  (*L  —  *R)  =  length  of  ordinal <•  unit  distance 

from  A. 

Slopes  are  counted  numerically  positive  when  upward 
in  the  loft.  The  sign  of  C0  (called  the  coefficient  at  salient 
point  A)  is,  accordingly,  negative  when  AC  diverges  below 
DA  produced  to  the  left  of  A.  The  value  of  Ca  may  be 

determined  graphically  as  --  or  it  may  be  figured  algebra- 
ically as  (SL  —  8R). 

Proof  of  Theorem  I,  or  that  Z  =  CaMa. 

Con-i<U'r  the  load  wn  distant  xn  from  the  salient  point  </. 
By  the  similar  triangles  AEF  and  AGH, 

Therefore, 


CaWnXn (A) 

Summing  up  all  of  the  ordinate-load  product-, 

Z  =  2wnzn  =  CaXwnxn  =  CaMa (5) 

Proof  of  Theorem  //,  or  that  ^j  =  CaW a. 

From  equation  (A)  above,  the  increase  in  the  ordinal <•- 
load  product  wnzn  for  an  advance  dxn  of  the  load  is 

wndzn  =  Ca-wn>dxn. 

Summing  up  the  increases  of  all  the  ordinate-load  products 
and  noting  that  dx  is  the  same  for  all  loads, 

dZ  =  Zwndzn  =  Cadx.2wn  =  Ca-Wa-dx. 
Dividing  by  dx,  %  =  C.W.  =  *^>  =  C'™<>.  . 


M  II. 


BUM  AND  RATE  OK    \  UclMloN  OF  ORDI.  \ATR-UIA0 
>    i  M  i  TENCE  LINE.      f«  .   OF 

MAXIMUM    UVE-LOAD 


\\  mtlii.-h.  ,•  ;i  general  I\|M-  U  nhown  in  FV 

this  one  in  particular  being  for  the  member  UJ^  of  th«- 


i  i  i  i     A  A    A  1     A  1  1   1    4  A    A  , 


I  ;          . 


S-i'CM(T) 


an -h  shown  in  Fig.  1T>.     It  is  asMiinitl  that  the  ordinatatal 

all  salirnt  point-  :m.i  OM  IntM  •     t      •  •  •  A  ,.".-.•-:•      .- 

kni»\\ii.    <  MKnata  :m«l  4ope«arr  munt^l  |io«itive  or  Mf»- 

tivr  a<   alrra.ly  <lrtin.il       Tli.-  Wopr  qf  OM|f  IMfMfMl  of  thr 

: 


8  I.l\  I  -I  «.\i>       .  1:1  -M  -, 

influence  line  equals  the  ordinate  at  the  left  minus  the 
ordinate  at  the  right  end  of  this  segment  divided  by  the 
corresponding  interval.  The  coefficient  C  at  any  salient 
point  equals  the  slope  of  the  .segment  at  the  left  minus  the 
slope  of  the  segment  at  the  right  of  this  point.  The  sub- 
traction- in  each  case  are  made  algebraically. 

It  should  be  remembered,  as  has  already  been  pointed 

out  in  Art.  2,  that  the  value  of  any  coefficient  C  may  also 

be  measured  graphically  from  an  influence  line  which  has 

drawn  to  Male.      F'»r  r\;imple,  in   Fig.  3  the  value  of 

thee.M'flieient  (\  =  -  and  T4  =  -. 

Xt  Xi 

The  algebraic  calculation  of  the  coefficients  at  all  sa- 
lient points  of  the  influence  line  in  Fig.  3  is  given  below. 
If  it  be  assumed  that  this  influence  line  has  been  drawn 
to  scale,  the  signs  of  the  numerical  values  of  the  slopes  and 
coefficients  will  be  as  given  in  the  parentheses. 


C, 


*4   -  } 

C6  =  s4  -  0 

A  numerical  evaluation  of  the  slopes  and  coefficients  for 
this  influence  line  is  given  in  Fig.  15  of  Art.  8,  which  the 
reader  should  check  in  order  to  understand  completely  the 
:  i  iet  hex!  of  procedure.  These  coefficient-  should  also  be 

checked  by  the  graphical   method  as  already  explained. 

•>  -<| 
For  example,  in  Fig.  !.">  the  value  of  Cs  =  -    -  =  .0863. 

«5U 

It  will  be  noted  in  the  algebraic  calculation  of  the  coeffi- 
cients C  at  all  salient  point-  that  each  slope  enters  once 


1 1\  K-I.I.UI  tmucsaca 

as  positive  and  once  as  negative.    Therefore  the  sum  of  all 

2  C  -  0.  (6) 

This  formula  serves  as  a  check  on  the  values  of  the  eoef- 
ntM  which  have  been  determined  either  by  calculation 
Of  l»y  graphical  measurement. 

e  general  formula*  for  the  sum  of  the  ordinat*~k»d 

products  for  any  influence  line  fvi/..   with  orvrral  nalK 

ate  MI. -h  a-   the  one  *hown  in  may  be  arrived 

at  hy  considering  th,-  t\\,,  .-..nt^uous  sloping  sides  of  the 
influi-ncr  line  meeting  at  each  salient  point  as  two  diverg- 
ing line-.  '!'},. •  entire  influence  hn.-  i>  than  made  up  of  paif* 

-in^  lines  (see  i  each  pair  of  which  3  ^ 

inula  (5)  may  be  dirr<  tly  applied.     HIUM  in  Fig 


()rdinatr-lM:i,l  product-  in 


.. 


-CM*    (- 


(-h) 
ska  -C.JT,    (-) 


-l  torn**  -  CJtf  »    (-f) 

The  signs  of  the  CAT*  are  -f  or  -  according  to  tig;' 
signs  of  the  coefficient*,  for  the  AT«  are  always  positive.  ST 
Suininin^  up  the  above  equations  and  obsen-ing  that  the^ 
ordinal  e-Umd  producU  cancel  one  another  except  between  the 

h:  ••*   and  it-  l»:u-4-  liiu»  fttrn.  it    f«illows  that 

sum  of  the  ordinate-load  products  for  the  influence 
line,  or  the  H\r-load  stress,  is 

S  -  C..V,  +  CfAf,  -h         -  2CJ/.  .          ,  (7) 

l.-tt.-r  >  «-senU  in  general  any  stress  or  sum  of 
ordinate-load  product.*  for  any  influence  line,  while  Z  stands 
for  the  sum  of  ordinate-load  product.*  for  any  geometrical 
figure. 

The  rate  at  which  S  vanes  as  the  load  advances  a  dis- 
tance dx  equals 


10  Ltvi:-l.ci\i>   R1 

I/,) 


„. 
,/,-          Etc> 

But  by  formula  (5a)  this  becomes 

^  -  C.TP,  +  C,H%  +  .  .  .  =  ZCTT.    .   .   .  (8) 

OX 

N",,  TPt,  etc.,  =  sum  of  all  of  the  loads  to  the  left  of 
points  1,  2,  etc.,  respectively,  whether  on  the  span  or  not. 

Afi,  3ft,  etc.,  =  moment  of  the  same  loads  about  points 
1,  2,  etc.,  respectively,  whether  on  the  span  or  not. 

The  above  formulas  (6),  (7),  and  (8)  apply  equally  well 
when  the  loading  is  headed  from  left  to  right  in-trad  of 
from  right  to  left,  the  latter  being  the  more  usual  way. 
In  applying  these  formulas,  however,  it  will  save  confu- 
-ion  inn  to  reverse  the  loading,  but  to  turn  the  influence 
line  end  for  end,  for  this  operation  changes  neither  the 
values  nor  the  <ign>  of  the  coefficients  C. 

(IS 

The  Stress  S  =   2C3f   i-   related   to   it-  derivative  -j-  = 

ax 

II"  in  the  same  way  that  any  funetinn  is  related  to  it- 

ir» 

derivative.     Thus,  if  the  value  of  '  '    passes   through  zero  as 

the  loading  advances,  the  stress  itself  may  have  reached 
any  one  of  four  conditions;  namely, 

1.  Numerically  maximum  po-itive  value. 

2.  "  minimum 

3.  "  maximum  negative     " 

4.  minimum 

In  practice  it  is  desirable  to  find  the  positions  of  load- 
ing to  >ati-fy  the  fir-t  and  third  condition-.  This  may  be 
done  by  proceeding  as  directed  below.  It  i-  assumed  in 
-tatiiiR  the  following  rules  that  the  live  load  is  advancing 
from  right  to  left.  In  case  the  live  load  advances  from 
left  to  right,  the  wheel  will  be  tried  first  to  the  left  and 


i  i\»    J..MI  HT1UEMUHI  It 

then  to  the  client  point      In  other  wonk,  di 

is  always  an  increment  m  the  tame  direction  an  tl 

ftufe  1.—  To  determine  the  position  of  loadinc  to  five 

a  miixiiuiiin  p..  ••**,  place  tin*  live  load  on  the  |«rt 

of  tl,,-  I  .ridge  correspondnm  t.,  thr  ji....itivo  portioo  of  thr 

influence  lin  a  wheel  fir*t  immedin  rijtfii 

-lit  point  that  has  a  fugaJuv  coefficient  and  then 

<LS 

to  the  !  iiis  point.     Calculate  the  value  of 

oLr 


for  each  of  them  succeiwive  portions  of  loading      1- 

iri 
the  sign  of  ^  ehang«->  fn.m    -    t<>  -,  a  position  of  load- 

ing for  maximu!  treas  is  determined. 

Rule  2.  —  To  determine  the  IK.MM..I,  of  loading  to  give 

a  numerically  maximum  in-native  Stress,  place  t  load 

on  that   part   <>\   the  \m  rrenponding  to  the  negative 

-I.-  influence  linr.     Try  a  wheel  fimt  inunedi- 

atrly  \<>  the  ri^ht  of  a  salient  |>oint  that  has  a  potto  iv  coef  - 

i    and   then   JIM    to   the   !••!'!   of  this  jxiint.     ('alrulatr 
10 

thr  value  of  j-  =    1'^   II'  for    each  of    these  BUCC(ISSi¥«  pom- 

d8 

tions  of  loading.     If  the  sign  of  -.   changes  from  -  to  -f-, 

a  portion  of  loading  for  numerically  maximum 
stress  is  determined. 

It  will  l>e  noted  that  the  negative  coefficients  C 
nt   those  salient  points  where  the  angles  of  the 
line  point    upward,   \\hile  the  jxiMtive  «icfficienUi  C 
at  those  salient  p<>mN  where  the  angles  point 

It  is  umie.  e^ar\  to  seek  a  position  of  loading  for 
mitm  /*«.,  <-w  liy  placing  a  wheel  successively  to  thr 

riilht  and  to  the  left  Calient  f^int  which  HAM  a  pott- 

ti^ 
live  coeflicie  if  g  -  2CIF  be  -h  when  the  wheel  » 

to  the  riuht  of   tin-  )>oint.    it  would  have  a  still  larger  + 


^       ><(C$ 
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value  when  the  wheel  is  to  the  left  of  the  point.    A  change, 

dS 
therefore,  of  -r-  from  +  to  —  would  not  result.     Similarly, 

it  may  be  shown  to  be  unnecessary  to  seek  a  numerically 
maximum  negative  stress  by  trying  wheels  at  any  salient 
point  which  has  a  negative  coefficient. 

Formulas  (7)  and  (8)  are  the  general  formulas  for  the 
solution  of  the  sum  of  the  ordinate-load  products  of  an 
influence  line  and  the  rate  of  change  of  this  sum,  and  are 
applicable  to  any  form  of  influence  line.  They  give  at  once 
a  definite  solution  of  the  position  of  a  set  of  loads  produc- 
ing maximum  positive  and  negative  stresses  in  any  member 
of  any  truss  or  girder  for  which  an  influence  line  can  be 
drawn  and  the  values  of  such  stresses.  The  method  is 
particularly  advantageous  in  the  case  of  statically  indeter- 
minate structures,  such  as  two-hinged  and  no-hinged  an  h<  - 
swing  bridges,  continuous  girders,  etc.,  where  general  ana- 
lytical criteria  for  the  positions  of  loads  producing  maxi- 
mum stresses  cannot  readily  be  expressed  and  where  such 
maximum  stresses  have  had  to  be  found  by  assuming  P<M- 
tions  of  loadings  and  scaling  the  influence-line  ordinates 
under  all  the  loads,  a  laborious  process  and  one  open  to 
much  liability  of  mechanical  inaccuracy. 

In  applying  the  present  method  to  the  simple  forms  of 
girders  and  trusses  (viz.,  the  statically  determinate  struc- 
tures where  the  ordinates  of  the  influence  lines  are  readily 
expressible  algebraically)  it  will  generally  be  more  conve- 
nient to  transform  formulas  (7)  and  (8)  in  each  case  whereby 
the  coefficients  C  may  be  expressed  in  terms  of  the  geo- 
metric proportions  of  the  truss  or  girder.  This,  in  the  fol- 
lowing articles  (4  to  7  inclusive),  we  shall  proceed  to  do  for 
the  case  of  girder  bridges  (with  and  without  panels),  pier 
reactions,  and  through  Pratt  trusses  with  curved  or  hori- 
zontal chords.  The  general  method  will,  however,  be  ap- 
plied directly  to  the  case  of  the  three-hinged  arch  in  Art. 
8,  which  will  serve  as  a  typical  example  of  the  application 
of  the  method  to  any  influence  line. 


ARTICI  i:   1\ 

GIRDER   HKJIXiK   WITilol  T   FAXKUL 


IN  i  -  shown  a  girder  bridge  without 

live  load  has  advanced  beyond  the 


pan*.    IV 


i       t 

mo>  ;il  case.     Formula*  for  th«-  end 

thr   iMMidiiiK  momont   and  shear  at   any 
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The  influence  line  for  A',  is  shown  in  Fig.  4a.  The  sum 
of  the  ordmate-load  products  within  the  shaded  area  rst 
equals  the  end  reaction  ft,  which  at  the  same  time  is  tin 

<n<l  shtnr  at   If,. 

From  Fig. 

Ordinate-load  products  iu    rsl  = 

"      n/r 

"   [orb 

"    hrsc. 
By  using  formula-    !    and    .",  .  thi<  equation  becomes 

ft  =    -j-  M         ]    .U,  -  ir,  •    **L-JL  ..  Wl          g 

Any  value  of  M  or  H"  may  be  read  directly  from  Table 
2  for  the  standard  loadings  given  in  Table  1.  For  example, 
in  Fig.  4,  if  li  =  10',  /2  =  30',  and  Wi  of  Cooper's  #50  has 
advanced  14'  beyond  the  left  end  of  the  span,  we  have 
from  Table  2, 

At  1,  14'  from  Wi,  M,  =    350.0*'  Wi  =    62.50" 

At  2,  24'  from  wi9  M2  =  1150.0  W2  =  112.:>n 

At  3,  54'  from  Wi,  M>  =  5435.0  W3  =  177.:><> 

The  formula  for  ft  is  developed  as  for  ft,  the  method 
of  writing  the  second  member  of  the  first  equation  bein?- 
abbreviated  in  a  way  readily  understood.  From  the  influ- 
ence line  in  Fig.  4b,  and  the  formulas  (4)  and  (5), 

ft  =  Ordinate-load  products  in  (dvxe  -    \dvf  +  \fue) 
Or 

p       w        L  u        l  M       w       M*~  '}! 

ft  =   W  a  —  Y  My  +  f  Mi  =    Wi —j— 


The  sum  of  the  reactions  Ri  and  ft  as  given  by  (9)  and 
(9a)  equals  Wt  —  JT,,  or  the  sum  of  the  loads  on  the  luidge. 

From  the  influence  line  in  Fig.  4c  and  formulas  .">  oi 
(7),  the  equation  for  bending  moment  may  be  written: 

M  =  Ordinate-load  products  in  (  \gbh  —      iinl:  +  \kzh}. 


Or 


u 


: 


MP,  (rum  the 


'""'I:'     I ««lil>    follow*.  ..„»„.  ..„„.  v 

inula  (7),  S  -  C.Af,  +  CVtf,  +  '  M        ;•  M 

•r  exampl.-.  u,  the  am  of  the  bendinjc 
point  .'  in  1  IK.  4, 

,  fc 

-0+j 

C  '        '' 

tf    -      -      .  •      —     1 


r,      J      „ 


Whence 


v 


w 


!<!• 


Taking  the  <lmv:it ix.   ..!  M  A    !,  rwpect  to  thr 

!    th<    loading  toward  the  left  or  tiring  formula     ^ 
directly,  the  rate  of  variation  of  the  bending 


U 


All  positions  for  niaxinmin  .U  may  be  found  by 

whot»ls  at  (Hiint  '2  a-  ilin-rtr.1  h\  Rul«-  1  ••:'  \r-  :  I:  ,; 
plying  this  rule  the  simultaiu><m«  shifting  of  other  wheel* 
of  the  ri^id  loading  from  right  to  left  of  point*  I  and  3 
as  a  wheel  is  shifted  from  right  to  left  of  point  2,  murt  be 
taken  into  account  by  substituting  in  formula  (11)  thr 
corresponding  changed  values  of  H*t  and  H':  It  b  to  be 
i<  inembered,  as  stated  in  Art  :t.  that  it  IH  entirely  tinner- 
«--u\  t.i  tr>f  wheels  at  |*»irir-  1  an«i 

in  the  influence  line  in  Fig.  4d.  the  formula  for  the 
intrri!>..li:tt(>  shear  5  follows  by  applying   formula*     ; 
and  (5): 

S  •  Ordinate-load  prodiu " 

(\ntfq  -  mden  -  |ncy) 
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Or 


-  -W,    .    (12) 


There  is  one  more  thing  to  be  borne  in  mind  in  calcula- 
tinp  maximum  bending  moments  in  a  girder  bridge  without 
panels:  it  is  the  rule  for  finding  the  section  where  the 
absolute  maximum  bending  moment  occurs.  The  rule  is  often 
spoken  of  as  the  "centre  of  gravity  rule"  and  may  be  stated 
as  follows: 

The  bending  moment  under  any  given  wheel  becomes  maxi- 
mum when  the  centre  of  the  span  bisects  the  distance  from  the 
wheel  in  question  to  the  centre  of  gravity  of  the  loading  on  the 

In  the  practical  application  of  this  rule,  the  procedure 
i-  first  to  find  the  wheel  which  gives  maximum  bending 
moment  at  the  centre  of  the  span  and  then  to  shift  tin- 
wheel  so  that  the  bending  moment  beneath  it  becomes  an 
absolute  maximum  according  to  the  centre  of  gravity  rule. 
For  the  usual  standard  loadings  the  maximum  centre  mo- 
ment closely  approximates  the  absolute  maximum  bending 
moment  for  the  spans  greater  than  70  feet. 

The  proof  of  the  centre  of  gravity  rule  follows.  Refer 
to  Fig.  5.  Assume  that  it  has  been  found  by  trial  that 
the  wheel  wn  gives  the  maximum  centre  moment.  The 
general  case  where  load  has  advanced  beyond  the  span  is 
taken.  In  order  to  get  an  absolute  maximum  bending 
moment  under  wn,  this  wheel  must  be  shifted  a  certain 
distance  from  the  centre.  Let  such  position  be  distance  y 
from  Ri.  The  sum  of  the  loads  on  the  span  is  called  P2 
and  equals  (JF,_--  Wi).  The  centre  of  gravity  of  the  load- 
P,  is  distance  x  from  R2.  The  sum  of  the  loads  on  the 
span  to  the  left  of  wn  is  called  Pi,  and  their  centre  of  gravity 
is  at  the  fixed  distance  6  from  wn. 

Taking  moments  about  7?2, 
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M  - 


In  (hi-  <><{>.  .»r  M.  the  only  variable 

••,   M  will  l)c  a  maximum  when  ihr 

jr'j  i^  maximum.      N-.N-    h-«\\. ••.••?     v.v   •».. 


*  +  y  -  (L  -  •)  - 

<-  a  constant  sum,  their  prefer- 

maximum  \\  hm  the  two  variables  are  i- 

aximum  \\hcn  x  -  y.     But  when  x  -  y,  the 
i  u-n  to  th<  <»f  gravity  of  the  loading  b 


MMrj 
o  o  o 

1 

%     ' 

> 

/  J 

•  ll 

tf-&-J  3 

c 

J 

«• 

n  o  o 

» 
^-> 

i 

I 

o  o   C 

>  i  < 

t  o  o  o 

"l 

i 

1 

* 

- 

.    This  prove*  the  centre  of 


l>\    ih,  «»f    tin-   -pan. 

.1  >  n  >     I'UH'. 

In  oid  ;iply  tin-  rulr.  a  general  cApieation  for  i 

R        r.     n   follows  that  x  -     .',         -ulmtitutr  thr 

fj 

ndueol  ..  formula  (9),  and  the  value  (IF.  -    >' 

"    u-7'^. 
rl  —  "I 


p,. 
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In  the  -peeial  ra>e  \\linv  the  loading  has  not  advanced 
beyond  the  left  end  of  tin  -pan.  W  and  II ",  equal  zero  and 
x  becomes 

x  =  |£      (13a) 

Problems  relating  to  a  girder  bridge  without  panels  will 
now  be  given  to  illustrate  the  application  of  the  above 
formulas  and  the  use  of  some  of  the  tables  following  the 
text. 

Problem. — Given  a  40-foot  deck-girder  bridge  consisting 
of  one  girder  per  rail.  Use  Cooper's  #50  loading.  I-'ind 
the  maximum  shear  at  the  end,  quarter  point,  and  centre. 
Determine  also  the  maximum  bending  moment  at  the 
quarter  point  and  at  the  cent  re.  and  t he  absolute  maximum 
bending  moment.  All  values  are  to  be  given  per  rail. 

Solution. — Table  5  following  the  text  gives  the  position 
of  Cooper's  loadings  for  maximum  end  shear.  This  table 
is  the  result  of  the  solution  of  end  shears  for  a  large  num- 
ber of  spans.  As  a  general  rule,  however,  it  is  safe  to  as- 
sume that  wz  of  Cooper's  and  similar  loadings  will  always 
give  the  maximum  end  or  intermediate  shear  when  placed 
immediately  to  the  right  of  the  given  section,  the  live  load 
being  headed  toward  the  left.  The  exceptions  in  Table  5 
to  this  general  rule  are  not  of  prime  importance,  for  the 
actual  value  of  the  shear  when  w2  is  used  is  sufficiently  close 
to  the  maximum  even  in  the  exceptional  cases.  There  is 
no  satisfactory  criterion  for  determining  the  position  of  load- 
ing for  maximum  shear  in  girder  bridges  without  panels,  for 
it  is  as  easy  to  calculate  the  actual  values  of  the  shears  for 
the  successive  positions  of  loading  as  it  is  to  apply  any 
criterion.  In  the  case  of  bending  moment,  however,  time 
is  saved  by  using  the  criterion. 

Maximum  End  Shear. 
Use  formula  (9),  tf,  =    U  ;  Ul    -  W,.    Place    wheel    2 


I.IVC-UMD  BTUtaia 

0  immediately  to  right  of  K.  Takr  it* 
\alurs  nf  moment  and  load  sunn*  for  Cooper'*  £80  fn*s> 
Table  2. 


Maximum  end  nhear  -  }          \  j  |      n  t* 


Maximum  Shear  ai  Quarter 

DUlla    1-    with  ir.  at  Barter  point. 

U        M  ! 


5  at  y4  point  -  -  12.5  - 

Afar  i  mu  m  ,S/uar  <i/  ('rntrc. 
Using  formula  (12)  with  UH  at  ceu 

!  1J.5  - 


The  values  for  the  shears  are  given  in  Kip*,  or 

sand  of  pMiin.U.      \  .  oinpnrison  of  the  above  abeam  with 
thn-r  in  lai>lr  7  shows  agreement  of  multa. 

Maximum  Bending  Moment  at  the  One-Quarter  /'oifi/. 
!  st  compute  successive  pairs  of  value*  for  •   ;  for  dif- 

ferent wheels,  first  phicctl  t«.  tlu-  n^ht  and  then  to  the  Irft 

of  thr  (jiiartcr  |x>int.      A  «•!..  'iKti  fnun    •  •  indi- 

\lu-rl  that  gives  a  maximum,     t'w  formula    II 


"r.-»»r. 

w\  at  \i  point. 

a|(n)-0-  -f 

\ 
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'^r7    •  %  (112.5)  +  y±  (0)  -  12.5  =    + 

I0i  at  K  point. 

'^    =  X  (145)  +  K  (0)  -  12.5  =    + 

Maximum. 
™  =  X  (145)  +  M  (0)  -  37.5  =  - 

i0j  at  34  point. 


^  =  ^  (145)  +  %  (12.5)  -  37.5  =  + 

Maximum. 

~    --  \i  (161.25)  +  y±  (12.5)  --  62.5  = 
u?4  at  J^  point. 

^    =  }4  (161.25)  +  %  (12.5)  --  62.5  = 

No  maximum. 

^  =  J4  (177.5)  -f  ^  (37.5)  -  87.5  = 

Accordingly,  compute  the  value  of  M  by  formula  (10) 
for  101  and  wt  at  quarter  point. 

M  =  jMs  +  j/Ml  -  M2 (10) 

3f  for  t0i  at  quarter  point . 

M  =  34  (2838.75)  -f-  %  (0)  -  100  =  (in-.). 7  Kip  Feet. 

M  for  i0i  at  quarter  point, 

M  =  K  (3563.75)  +  %  (37.5)  -  287.5  =  631.6  Kip  feet. 

The  latter  value,  631.6,  is  the  maximum  bending  mo- 
ment at  the  quarter  point.     A  comparison  of  this  value 
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Table  11  shows  agreement  of  mult*. 

•  .'{  m.licatea  th  wheel  for 

been  chosen. 

Maximum  Bending  Moment  at  (to  Cent*. 

i  \t       ii         H 

'•••*  II   |   "T"     rr  I 

rfr  -l»V(IO.).«d 


»/-,  at  rriitn-. 


12B 

-., 


:itrr. 


at  cri 


<IM       145-1-  1 

//.r  2 


h,! 


iniiiii   centre  moment  occur*  with  rt  at 


cnr 


M  -         -      -  600  -  8lw.:i7  Kip  fc«C 


This  value  agrees  with  Table  11;   and  the  port 
loading,  with  Tabl. 
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Absolute  Maximum  Bending  Moment. 

Shift  t04  according  to  centre  of  gravity  rule,  and  tin  MI 
recompute  the  value  of  M  under  this  wheel  by  formula  (10). 
Note  that  new  values  for  /i,  k,  and  M*  must  be  determined. 

By  formula  (13a),  when  w4  is  at  the  centre, 

M,      2838.75 

=  TF,=     145 

Therefore  for  absolute  maximum  bending  moment  under 
90'  (X)  —   1  T  "is 

u>4,  shift  loading  to  left  -       -^~          =  OVJ  1  . 

The  new  values  of  li,  l«,  and  A/3  are 

Zi  =  20.00  -  0.21  =  19.79 
J,  =  20.00  +  0.21  =  20.21 
M,  =  2838.75  +  .21(145)  =  2869.2 

The  absolute  maximum  bending  moment  = 
M  =      M*  +      Ml  "  M* 


=  ^~-  (2869.2)  +  0  -  600  =  819.54  Kip  feet. 

It  appears,  therefore,  that  the  absolute  maximum  bend- 
ing moment  is  .17  Kip  feet  greater  than  the  maximum  cen- 
tre moment.  The  difference  is  not  great  in  this  particular 
case,  as  the  required  shift  of  the  loading  is  comparatively 
small.  The  position  of  loading  for  absolute  maximum  bend- 
ing moment  agrees  with  Table  4,  and  its  value  agrees  with 
Table  7. 


ARTiri.C  V. 

I -1KB   REA< 

IN  Fig.  4e  is  given  the  influence  line  for  the  pier 

R  between  two  non-eontinuoun  beam  span*  /»  and  f» 
From  t!»i-  intlm-hrr  HIM-,  th<-  foruiulaa  (5)  and  (7)  ipvr 
R  -  Ordinate-load  product*  in  (|g6A  -   \ff*k  +  jjbA) 

•¥+^-A*- 

Formula  (14)  may  alao  be  derived  fmm  formula  (10) 
tlu»  ordinatos  of  thr  inllin-nr««  lim-  fur  R  b*ar  the  eon- 
stunt  ratio  .  /   to  ili.- rorreKpondiiig  influence  onliiuilfli  for 

'l  H 

W.  the  position  of  thr  li\<>  load  and  the  value*  of  /,  and  /, 
n'mnmiiiK  tixed. 
Thr 


intituling  the  value  M  -  f  J/i  +  jr  Jf  i  —  If t  from 

formula  (10)  in  fonnula  (16),  the  result  is  again  formula 

For  equal  spans, 

^-t-lsoth**--  ,  .  04a) 

1  ho  rate  of  change  of  R  for  a  movement  di  of  the 

loading  to  the  left  i- 

/          li        lilt     f  ™  /  ^ 

. 
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For  equal  span-.  /,  =  ^  =  /.  «>  that 

g.  *.+*-"* (15a) 

Iii  the  la-t  member  of  formula  (15)  the  quantity  within 
the  parentheses  is  the  same  as  the  expression  for  -g-  in 

formula  (11).  It  follows,  therefore,  that  the  same  position 
of  loading  gives  maximum  R  and  maximum  M  for  any 
given  values  of  li  and  h> 

Problem. — (a)  Find  the  maximum  pier  reaction  per  rail 
between  two  simple  beam  spans  Zi  =  10  ft.  and  1*  =  30  ft. 
(6)  Find  the  maximum  pier  reaction  between  two  simple 
beam  spans,  each  having  a  length  of  20  feet.  Use  Cooper's 
£50  loading. 

Solution  of  Problem  (a). 

I  -o  formula  (15)  to  find  position  of  loading  for 
maximum  R. 


•        '••" 

//•   at  ])'u»r. 


Maximum. 


,.          ,   30,, 

(145)  +    (0)  -  * 


Use  formula  (14)  to  compute  the  value  of  R. 


-  37.5)  =  + 
Maximum. 

(.!!!  i  "i. -'•>)  +  :  £(12.5) -02.5)  =  - 


dz     '  10  X  30  \40  40 


"          '•'  in     mVa 


Tin-  hitt.T  rahM  "f  si*  i.  ii,,.  maximum  pirr 
value  agrees  \\ith  TaM.    1  1  ami  the  j^jtum  of 

\\ith  Tahlr  :; 


".';<>'  '  +  15- 


Pntlm 

Use  formulas  (14a)  and  (15a)t 

M    •   .U,      J\/  ,//<•       ir,  .11 


/ 


plrr. 


</A'       128.75 -f  0-2X37. :> 

"d*  L»n 

/A'        128.75  -h  0  -  2  X  «2^ 


'/A'       145 -HO      2      iij:. 
dx 

<ilt       14&4-0  -  2  x  S7.5 

./.r  Jd 


• 
Maximum. 


pirr. 


r/.r 


•  I2.:>     j 


maximum. 
I'J 


.  iiiaxiiuuin  pier  reaction  cxTtin  m-hrn  IT,  in  at 
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2838.75  -  0-2X600 
K  ~  t),v  oi.y  • 

This  maximum  pier  reaction  of  81.9*  agrees  with  value 
in  Table  7  and  Table  14,  \\hil<  the  position  of  loading  agrees 

with  that  L'iv.'M  by  Table  3. 


ncu  vi. 

HKIIK5E   WITH    I 

>K.  6  is  shown  a  girder  brulgr  with  ptnrii      It  u 


i  •    i 


that  the  li\«-  load  has  advanced  beyond  the  lelt 

of  the  span,  this  being  the  mont 
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Th<  formulas  for  7?!  and  ft  are  the  same  n>  formula- 
(9)  and  (9a)  for  the  Birder  without  panels,  if  the  gird,  r 
bridge  with  panels  has  end  floor-beams;  but  if  this  bridge 
has  end  struts  with  the  end  stringers  resting  on  separate 
pedestals,  the  value  of  Ri  beneath  the  end  of  the  main 
girder  is  the  same  as  Sa,  the  shear  in  the  end  panel,  as 
given  by  formula  (17)  to  follow. 

Inasmuch  as  the  maximum  bending  moment  in  a  beam 
carrying  concentrated  loads  always  occurs  beneath  a  con- 
centration, the  maximum  bending  moments  in  the  main 
girder  of  a  girder  bridge  with  panels  will  occur  at  the  floor- 
beams.  The  influence  line  for  the  bending  moment  at  the 
floor-beams  is  the  same  as  for  the  bending  moment  in  a 
girder  bridge  without  panels;  accordingly,  formulas  (10)  and 
(11)  are  to  be  used  in  finding  maximum  bending  moment  > 
at  the  floor-beams. 

It  remains  to  derive  formulas  for  the  maximum  shears 
Sa  in  the  end  panel  and  Sb  in  any  intermediate  panel.  In 
Fig.  6  are  given  the  influence  lines  for  Sa  and  Sb.  The 
correctness  of  the  ordinates  is  at  once  evident.  The  slopes 
and  coefficients  are  calculated  as  explained  in  Arts.  2  and  3. 
The  general  formulas  for  Sa  and  Sb  and  their  rates  of  varia- 
tion may  be  written  at  once  by  use  of  formulas  (7)  and  (8). 

(17) 


-  jJf4-M,  +    jft-jJlfi    ........ 

w<-w'+w*-w* 


Formula  (17)  when  compared  with  formula  (10) 
that  Sa  is  equal  to  the  bending  moment  at  the  fir^t  inter- 
mediate floor-beam  divided  by  the  length  of  the  first  pawl. 
Formula  (18)  when  compared  with  formula  (11)  shows  that 


I.I  . 

.same  position  of  loading  that  give* 
moin  'in-  iu-t  intermediate 

maximum  tilirnr  in  tin-  ••ml  pahi-1 

Formulas  (19)  and  (20)  are  perfectly  90001!  and  nil! 
serve  for  any  assumed  aerie*  of  vertkal  load*  in  any  po4- 
ti..n  I  the  usual  standard  loading  and  panel  Itogth* 
however,  it  i  n  ..i  necessary  to  advance  any  loads  beyond 
an  intrrin.-.liati'  panel  for  nuuiiiiiiin  *h«ir  in  tht«  panrl. 
al  puqMses  formulaM  (Ite)  and  .•»»> 


w< 

T      . 

//  Problem.— A    single    track    through    girder 

tth  a  floor  system  consisting  of  stringer*  and  floor- 
beams,  both  end  and  intermediate, 

I  iinl   tin-  maximum  end  reaction  and  the 

1    l  and  2  -  3,  using  Cooper's  £30  loading. 

'nlion. — For  maximum  md  Fraction  place  wheel  2  at 

Irft  md.      I     • 


R  m  .,  -  .,  _  „.  9l 


Rl  .       , 


Note  that  th<>  above  value  agrees  with 

p  maximum  shear  in  panel  0—1.  tuid  rntiral 

I  thru  «-.. input*  shear  by  formula  (IT). 
\\hrrl  :?  at  panel  point  1. 

-h  0  -  37  :.)  -  + 
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Note  that    the  position  of  loading  airier-   \\iili   TaMe  .".. 
For  tin-  poHtinii  of  loading  formula    i  17)  gives 


S.  =  ^(g  (21895)  +  0  -  287.5)  •  •  1(>8.1*. 

For  maximum  shears  in  the  intermediate  panels,  deter- 
mine the  position  of  loading  by  formula  (20a)  and  the  shear 
by  formula  (19a). 

f-(£  *•-»••)  .......  -"" 


Panel  1-2.     Try  wheel  :?  at  panel  jxiint  2. 


Maximum, 

§  -  i(J  (322.50)  -  62.5)  -  - 

Sb  =  (15051.25)  -  287.r>)     =  111.0*. 


Panel  2-3.     Try  wheel  3  at  panel  point  3. 

§-  ^(240)  -37.5)  =  + 

Maximum. 
f-iS  (240)  -62.5)  =  - 

5&  =  ^(g  (9345)  -  287.5)  =       :.r,*. 

The  above  values  for  shears  agree  with  the  values  gi 
by  Table  9.     The  wheel  for  maximum  shear  in  panel-  of 
girder  and  truss  bridges  is  given  in  Table  6. 


AUTK  II     \H 

OUOH      I'KATT    TRUSS.      GBNKRAL     mRttl'lJUl    ro*    UN- 
LOAD    STRESSES     AND     THEIR     KATt       •   ,       \  AJUATO*. 
1  1  KU8TRATIVE  PBOBLKlCtt. 

THB  general  fonnulas  S  -  rCJf  and  T  -  ZCIT 

oLr 


be  used  to  write  the  equation*  f,,r  th«- 

member  of  a  framed  »tm«  -tun-  AM  «ooa  M  iu 


One  has  been  drawn  and  the  oniinattw  at  the  «aiieot 

<lrt«Tinined. 

In  1'ics.  7,  a,  9,  and  10  are  ithown  all  the  influence  ttoei 

si 
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needed  in  writing  the  formula-  for  the  live-loud  stresses  in 
a  through  Pratt  truss  with  non-parailel  or  parallel  chord.-. 
The  influence  ordinate  at  any  salient  point  is  the  calcu- 
lated <tre—  due  to  a  one-pound  load  on  the  bridge  at  the 
panel  point  above  this  salient  point.  By  easily  discovered 
relations  between  similar  triangles,  the  algebraic  value  of 
each  stress,  or  influence  ordinate,  is  expressed  in  terms  that 
are  most  readily  evaluated  in  any  numerical  problem. 

The  derivation  of  any  one  formula  for  a  live-load  stress 
is  typical.  Refer  to  Fig.  7.  The  stress  in  the  lower  chord 
member  56  is  found  by  taking  moments  about  C.  The 
influence  line  for  &  is  straight  over  each  of  the  two  inter- 
vals kp  and  mn.  The  ordinates  at  the  salient  points  1  and 
4  are  zero.  The  ordinate  at  salient  point  3  must  be  found 
by  placing  a  one-pound  load  at  the  lower  panel  point  of 
the  truss  above  this  salient  point  and  calculating  the  value 
of  S».  For  the  unit  load  so  placed. 

kp       k 

Reaction  at  .1   =  - 

np      n 

By  moments  about  C, 

ln   mp)  =  ,S§(i» 

Therefore. 

S6  =   +  -   Influence  ordinatc  at  3, 

UV 

The  slopes  of  the  segment-  of  this  influence  line  follow. 

mien  1: 

Slope  of  ab  =  •    -jjf  +  •»,,  =    -  - 


The  coefficients  C  for  use  in  the  general  formula  S  = 
-<'M  are  now  found. 


i.r. 

,.  /-  tn  I 

*    —          —         —    - 

! 

5  ..  o  • 

M 

the  position  of  the  live  load 
"1   the  lin  the  span,  the  general  formula  far 


II-  in  actual  ,  •   ,,  usually  not 

to  ad\.«:  ..adnm  beyond  the  left  end  of  the  span  in 

get  a  maxiiiiuin  value  ,,i  .S».    The  unual  formula 
"ill  'iitain  the  term  Jtft,  wioe  this  will  U- 

thoa, 


[naflmoob  a-  thr  boriaoolaj  component  of  the  dim 
in  an  inclined  top  <  h«.nl  member  or  end  port  equafe  the 
stress  S*  in  a  rorn*|*nnliim  lower  chord  member,  the  stiws 
6f»  in  any  top  chord  member  or  end  post  may  be  found  by 

S.  -      .  S>  (22) 


In  \"\n.  8  is  shown  tin-  influeoee  line  for  the 
in   any   \.-niral   |M»t.     Tin*  influence  ordinates 

l.\    taking  moments  alxmt   tin-  mterwctioii  of  the 
and   1.. \\.-r  chord  members  which  are  cut  by  the 
>n.    The  algebra i«  \aluo  of  these  ordinates  are 
formed  l>\   use  of  easily  discovered  relations  betwert 
iigle».    The  slopes  and  coefficient*  are  then 
in  the  UM  The  influence  line  indicate*  that 

the  live  load  should  fyood  the  panH 

p  for  a  maximum  compn»»i,,n.  ami  f«»r  thi*  n-n-.n   U,  and 
ro  for  the  '.  e.    The  numerical  value  of 
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the  maximum  compression  S4  in  a  vertical  post  is,  therefore, 

*-(&)"«-()*• 


The  coefficients  for  the  stress  in  any  inclined  web  mem- 
ber are  given  by  Fig.  9.    The  quantities  for  Si  and  S*  are 


8. 


a>  shown,  and  the  quantities  for  S3  are  of  the  same  alge- 
braic form  except  that  they  are  of  opposite  sign  through- 
out. For  the  usual  position  of  the  live  load  advanced  from 
the  right  into  but  not  beyond  the  panel  p  for  maximum 
stress,  the  moment  sums  M  \  and  M  *  equal  zero,  and  the 
numerical  values  of  the  maximum  tension  Si  and  52  and 
of  the  maximum  compression  St  are  given  by  the  following 
formula: 


,  or  5,  = 


In  a  special  cane  when*  the  loading  nm»t  bo 
•n- i  MM-  panel  />  until  the  teuton  in  the 

wrb  member  N:  i.-  lmlaii'-i-.l   l.x    t),.    ,J,  a-i  :   |d 


Fltt.9. 

in  this  same  monilNT.  the  value  of  M  t  b  not  im>.  and  tbr 
•^  becomes 


Or,  letting  .If.  - 


•-• 


- 


*.-(;)».* 


I.l\  l-l.o 


Note  that  the  coefficients  of  M4  and  Me  in  this  formula 
are  the  same  as  the  coefficients  for  3/4  and  A/,  in  formula  (24). 

The  influence  line  for  the  counter-tension  in  a  vertical 
post  is  shown  in  Fig.  10.  For  the  usual  case,  the  loading 
advances  beyond  the  panel  but  not  beyond  the  end  of  the 
span.  Therefore  M\  is  equal  to  zero,  so  that 


Sjtlirnt  Point* 


M  HIM 


-L-np. 


(2)        !t 


1,1.,    »/,.!/! 


p  'n 


,.!/! 
' 


'ds-c 


I  ....   10. 


26 


where  K  and  Af0  stand  for  the  corresponding  terms  in  the 
parentheses.  In  order  that  T  be  a  maximum  the  live  load 
must  advance  beyond  the  portion  for  the  maximum  tension 
»S2  until  the  tension  as  computed  by  formula  (25)  becomes 
equal  to  the  dead-load  compression  in  this  same  member. 
For  this  po>iti<.n  of  the  live  load,  the  value  of  T  ifl  then 
computed  by  using  formula  (26).  It  mny  !><•  not<<l  that 


UVK-UMD 

some  specifications  state  that   only  ?j  of 
compression  Us  to  be  counted  as  eBseUfe 

the  1  M..H  in  an  inclined  count 

Tlii-  specification  ha*  been  observed  in  the  prnhlsni  to 

folk 

A  review  of  the  preceding  formulas  shows  that  all 
live-load  stresses  may  be  comp  formula*  (21),  (22), 

(23),  and  (24),  except  the  counter-Union  in  a  vertical  port 
amlthr  in  a  floor-beam  hanger.    Formula  (25) 

it  jxwsihle  to  find  readily  l>\  trial  the  position  of 
maximum  counter-ton-!  i  vertical  post,  and 

(26)  gives  the  value  of  this  tension.    The 
M.MI  in  the  floor-beam  hanger  may  be  found  by  the  use  of 
iihus  (14a)  and  (15a)  for  pier  reaction  between  equal 
•pans. 

If  tli.-  .-h..rd-  ol  the  IVatt  truss  are  parallel,  there  will 
be  no  counter-teuton  in  any  vertical  post.     Formula 
for  the  stress  in  a  h«»ii/»ntal  chord  member  and  formula 
.1  t  h,  stress  in  t  h<  in.  lined  end  post  remain  unchanfsd. 
uulas  (23)  and  (24)  for  web  stresses  are  shnpHfad  '- 
cause  a  -  6  -  drpth  "f  tniss. 

The  formulas,  thrn-fi»rr.  f..r  the  IVatt  tnn«  ^ith  paralsl 

rhnnl-  ; 

^>  in  hnn/Miital  rh«ml  iiiembem  - 


xs  iii  inrliiu><l  end  iKist  ••  Si  -  -  5»  .  .  (22 


<s  in  vt-rticid  piwt  -  N,  -     /    •*/.  -          V 
ss  in  inclined  web  member  - 


One  general  formula  will  miffiee  for  finding  the 
of  loadinp  for  maximum  rhord  and  web  stresses  of  a  I*rmtl 
tlu  i  iiiflimtl  «T  I>orallel  cltoftb.     "Hie 
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(21),  (23),  (24),  (29),  and  (30)  fm  these  dresses  are  of  one 
general  form 

S  -  (0)  M 4  -  (fl)  M,      (27) 

where  (r  and  H  are  the  corresponding  coefficients  of  M4 


.  11. 


and  .I/.-,  in  the  preceding  formulas.     The  rate  of  variation 
of  S  as  the  load  advances  is 


2?  =  GWt  -  HW,  =  H  (|  W,  -  W,)    .   .   (28) 

When  any  one  of  the  above  stresses  is  a  maximum,  the 
c* 


(c*  \ 

_  PT4  —  Wt)  passes  through  zero  as  a  wheel  ifi 

shifted  from  right  to  left  of  the  salient  point  3  in  Figs. 
7,  8,  or  9. 

The  preceding  formulas  for  the  live-load  stresses  are 
summarized  for  convenient  reference  hi  Art.  11  preceding 


I. IX, 


Table*.  The  important 
Figs.  7,  8,  and  0  are  mimmariaed  in  Fig.  II.  If  a  uniform 
1m  load  is  used,  the  shaded  areas  in  Fig.  1  la,  b  and  e  mul- 
tiplied i,y  the  intensity  of  the  uniform  land  will  gjv. 
maxiinuin  live-load  stresses.  The  algebraic  value  of  any  one 
of  the>e  triangular  areas  b  conveniently  exprewed  a*  thr 
base  of  th.-  tnangli-  times  '  _,  «,f  the  given  algebraic  ordi- 
nate.  The  lengths  of  the  bases  of  the  shaded  area*  in  Flp. 
llu  and  b  may  be  readily  determined  by  one  of  thr  con- 
^ructions  shown  in  Fig*.  12a  and  121),  which  ghre  thr  j-- 
MtiMh  of  the  unit  l.>ad  t"..r  /ero  stress  in  the  mffTflm*  indi- 
cated. The  proofs  that  these  constructions  locate  nrutral 
point-  are  not  ui\.-n.  for  they  are  generally  known,  and 
•  •(I  in  numerous  texts  on  bridges.  (See  Marburg'* 

-  andC.ir.le.       \       I    ,«igr  392.) 
The  application  ,,f  the  preceding  formulas  will  now  be 
made  to  the  calculation  of  the  live-load  »treases  in  thr  two 
HhLil'-  track  through   Pratt   trusses  shown  in  Ft**.  13  and 
11.      \  convenient  procedure  is  as  follows: 

1     1 ). -tennine  the  lengths  of  all  inclined  membeni 
write  their  values  on  the  tniv.  outline. 

2.  Determine  the  \alue>  of  the  intercepts  a 

by  Fig.  11  and  write  their  value-  on  the  truss  outline, 

3.  Write  on  the  truss  outline  the  distances  of  the 
eral  panel  points  from  the  right  end  of  the  span. 

l  -own  the  reciprocal*  of  the  span,  panel  length. 

and  lengths  of  vertical  members, 

5.  Make  a  form  for  tabulating  calculations  and  fist 
members  in  some  convenient  form  as  is  done  b  F%L  13 
and  1  1. 

6.  Calculate  the  numerical  values  of  the  rnofficimU  O 
and  //  tor  the  several  member*  by  use  of  the  formulas 

•  ly  clerr 
7    I  ><-r ermine  the  position  of  the  loading  for 


stress  by  finding  the  position  of  loading  cauiong  ( jp  IF«  —  H  , ) 


l.i\  B-LOAD    STHI  *S1  - 


to  pass  through  zero,  and  tW  tin-  p<»iti<>n  o(  loading  select 
from  Table  2  the  corresponding  values  of  M 4  and  Mi.    At 


VARIOUS  CONSTRUCTIONS  USED  TO  FIND   NEUTRAL  POINTS  IN  PRATT  TRUSSES. 


\...  1 


U,  U.  U,  U4  U 


the  same  time  tabulate  the  length  L\  of  loading  cau-inii 
maximum  stress  as  thi<  value-  is  used  in  the  impact  formula 


8.  Calculate  values  of  S  -  Oil,  -  //.*/,  and 
\\ith  impact  and  dead-load  stream.    When  the  dead-  and 


•taes  are  of  opposite  aign,  the  combination 
algebrai<  l.ut  according  to  the  particular 

"it  that  i-  u*ed. 
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9.  Find  position-  of  loading  for  maximum  counter-ten- 
sions in  posts  and  compute  values  by  use  of  formulas  (25) 
and  (26). 

PROBLEM  1 

Calculation  of  Live-load  Stresses  in  a  Pratt  7Y//.s,s  //•//// 
I  m  -lined  Chord. 

The  complete  data  for  this  problem  are  given  in  Fig. 
13.  Items  1  to  5  of  the  above  method  of  procedure  need 
no  explanation.  The  values  of  the  coefficients  (i  and  //. 
the  position  of  the  loading  for  maximum  stress,  and  the 
value  of  the  maximum  strese  \\ill  be  determined  for  several 
typical  members;  for  example,  vertical  post,  inclined  \vel. 
member-,  hori/ontal  chords,  end  po-t  ,  and  inclined  chord-. 

Verticdl  7W  KF. 
Formula  S<  =  (^)  M,  -  (^)  M,  ......    (23) 

Refer  to  Fig.  11  for  definition  of  dimensions. 
G  =  £-  =  \\  (.00480)  =  .00373 

Olj          OO 

H  =  -  =  .0385 

Try  Wi  at  panel  point  3.     Use  Table  2.     L,  ==  143'. 

(n  '  37.5 

I*  -* 


'i  herefore  t^,  at  3  gives  a  maximum. 

=  GM<  -  HM,  =  .i"'.;::1.  :::;(.'70)  -    .n385(287.:> 
121          11.  (i      nr,.7fc 

300 
Impact  factor       ,    +  ^  =    |j;    =.677 


Impact  stress  =  .677  X  115.7  =  78.3*. 


1.1  VI    LOAD 

/flf/lfir,/   UVtJfaft/ 

IUU  A-*«-jf,  04) 


to  1  IK.  ii  for  tlrfuiiiion 


o 


•oowo>  - 


panel  poin-  / 

C;  "••  -  "••)    " 

*  //  '         .ir~i  i  —  ,  • 

•  .    ' 

Therefore  IT,  at  2  gives  a  maximum. 
.  S  -  GM<  -  //.If,  -  .00481(46255)  -  .0442(287.5) 
-  223  -  13  -  Ji 

Impart  farlor        '  : 

Imp:i.  -  •    Jin         • 

/  \\rbMemberML. 
iula 

Krfrr  in  1'in.  ''  11  for  (Miiution  ,if  <h 

<;  -  -^  .  <*H80)  -  .00;;: 

11  m  fp  •         (Q85)  -  •CMal 

it  panel  imint  0.     I'ne  Table  2.     /.,  -  W. 
0  , 


iw/  " 


<i  civm  a  tiuiximum 


S  -  GM<  -  II  M>  =  .00777  <>:>50)  -    .or.i:;  ion 
51 


Impact    factor   =   «TTQ   =   .833 

Impact  stress  =  .833  X  46  =  38*. 

Lower  Chord  Member  AC  =  AD. 

Formula  .  &  ==          */,  "        ^«  .....   (21) 


Refer  to  Fig.  11  for  definition  of  dimensions. 
0       •£•  =  J  (.03125)  =  .00390 

//=--  =  .0812 
v 


Try  tr,  at  panel  ix.int  1.     Use  Table  2.     L,  =  200'.  " 

(/  \  D 

|-ir4-ir3)=- 


Tlierefore  i^4  at  1  gives  a  maximum. 
S  =  CM,  -  HM*  =  .00390(63111)  --  .0312(000) 
=  247  --  19  =  228*. 

300 
Impact  factor  =          =  .600 


Impact  stress  ==  .600  X  228  «  137*. 

End  of  Post  BC. 
Formula  S,  =  —  S,   ........    (22) 


5.  =      ;(      (228)  =        /,  and  impact  -  137)=  217*. 

Lower  Chord  M<  tuber  AH. 
Formula  S,  =  .17     -         M3    .    .    .    .   (21) 


imt-u 

HefiT  to  Fig.  II  fur  lirlinilimi  of 

G  -  ~  -  |  (.02882)  -  .00085 

//        -  -  .0968 
puin-1  I-  Unc  Table  2.     /.,  -  194'. 


Therefore  tru  a  ••«<  a  niaxiinuin. 

5  -  OA/4  -  ffl/i  -  .00085(59661)  --  .0263(7810) 

- 


Impact  >trpflB  "  5  "  -007  X  3ft5  •  230^. 


Top  CVjord  Member 

.ula  £•  -  :  (22) 

S.-'J' 

'I     (IS 

Impact  -  ?9)  -  2401. 

Counter-Tension  in  Post  at  Panel  Poit< 
mulae 

JK  -  .M.  - 


7'  =  ttMisitui  in  }* 


I  .i.-t,niti..ii  of  dimenaionft. 
.ilculatiun  ..f  the  dead-load  comprrjvion  in  JK 
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not  given,  but  the  value  is  Jl  .  Two-thirds  of  tln>  com- 
pression,  or  14*,  Nvill  \>c  ron-idei-ed  HYeetive  in  counirrlial- 
ancing  the  live-load  tension  in  JK.  Tin  live  load  must  be 
advanced  beyond  the  position  of  maximum  live-load  ten- 
sion in  JK  (i.e.,  to*  at  panel  point  5)  until  St,  or  the  stress 
in  JK,  equals  14*.  This  must  be  done  by  trial,  S»  being 
figured  each  time  by  formula  (25).  It  is  found  that  \\lu-u 
111'  of  loading  has  advanced  upon  the  bridge,  tin-  condi- 
tion is  approximately  -atMied.  For  this  position  of  loading 

3/4  «  22201 


Me  =     M*--M     =  (2565  -  175)  ==  2390 


46.04 


Therefore, 

&  =  .00580(22201)  -  .0466(2390)  =  10*. 
This  value  of  &  =  10*  balances  %  D  =  --  14*,  nearly 
enough  for  practical  purposes.    Therefore,  compute  T  for 

this  position  of  the  live  load. 


K-  1x55 

M0  =  fg  (22261)  --  2f>r,:,       1  1340 
T  =  .00203(11340)  =  23* 

300 
Impact  factor  =  jr     =  .725 


Impact  stress  for  T  =  .725  X  23  =    17*. 

PROBLEM  2. 
Live-load  Stresses  in  a  Pn\i\  7V?/.v*  ?/•////  7V//v////  / 

The  complete  data  for  this  problem  are  given  in   Fig, 
14.     Formulas  (21),  (29),  and  (30)  give  the  values  of  the 
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ooefficienta  C  an«i  //,  \\hi.  li  are  identical  for  several 

ben  Q  '!    tru»   \\ith   parallel  rbofd*.     The 

•  iui.-  !<>r  finding  the  positions  of  the  U*fnflng  and 
stresses  is  exactly  a.*  in  Pn.hl. -m   I      It  »hould  be 

that 
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Th.-  -in— i-  in  all  -i  the  chord  member*  may  be  checked 
i'v  use  of  Table  8,  and  the  stresses  in  the  end  post  and 
l>ers  may  be  chr.-krd  l,\   T.iMr  9.    The  stress  in 
a^ivr-  \\itii  t !i<-  rnaxfanuin  pii  r  ron  • .  :    •    r  ;  '•  ~      I   •  • 
8  ni:t\  i><   uxnl  to  find  the  position  of  loading  for  tnaxinmm 
chord  stresses,  and  Table  ti  give*  potation  of  loading  for 
maximum  web  stresses. 


ARTICLE  VIII. 

THREl >!!t\«,l ;D   \l;<  u.    APPLICATION  OF  THE  GENERAL  METHOD 
TO  THE  CALCULATION  OF  UVX-LOAD  BTBB88B8, 

irr 

THE  general  formulas  ^-  =  ZCW  and  S  =  SCM  may 
be  used  directly  to  find  the  p.»iti<>n  of  loading  and  the 


value  of  the  maximum  live-load  >nv»  in  any  member  of 
a  framed  -tructure  as  soon  as  the  influence  line  for  this 
member  and  the  ordinates  at  all  salient  point <  have  been 


r.  i  -;••-.:>    •  . : 


detenmned    Tin-  mctiuMi  L-  tippled  •    tin     il  flati  i 
maxiinuni  live-load  ttonmm  f«-i  th.  thrv^hingpd  arch  shown 
in  Fig.  15.    Cooper's  £40  loading  is  used 

rxt  are  drawn  the  influence  lines  for  the  horiaonul 

and  vertical  components  of  the  reaction  at  the  left  hingr 

The  vertical  comjx  IK  the  same  as  for  a  simple 

span  L.    Tin-  !>•>.. /<»ntal  component  //,  equals  the  bending 

lie  centre  of  the  span  /.  «ir.  »•!••!  I  •>  the  depth  A. 

!ifluciicr-lin,-(»nlin:i(cnforaJl  niembcf» are  now  found  l*\ 
drawing  fi\  r  Maxwell  diagrams,  one  of  which  i*  rrpnxi 

ig.  16.     From  thr  influence  lines  for  \     ami  // 
v:ilu«-        I     is  .8889  and  Hi  its  .2187  for  a  one-pound  load 
at  l/i.     The  external  load*  acting  on  t|,(.  left  half  - 
:mli  an-  tiu'iiasshown  in  Fig.  iOa.    The  load  line  osieya 
in  1  ig.  1Gb  is  drawn  to  a  scale  of  10"  •  1  pound,  and  the 
Maxwell  diagram  completed  in  the  u*ual  way.    The  sealed 

TABLE  A 
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values  of  these  stresses  are  the  influence  ordinates  for  a 
one  pound  load  at  U\.  In  an  exactly  similar  way  the  in- 
fluence ordinates  for  a  unit  load  at  Ut,  U*t  U4,  and  C7'4  are 
determined.  The  influence  lines  are  straight  from  £/'<>  to 


I}'*.  Table  A  gives  the  influence  ordinates  for  all  members 
and  also  for  the  horizontal  and  vertical  components  of  tho 
reaction  at  the  left  hinge.  The  angle  6  is  the  inclination 
of  this  reaction  with  the  vertical. 

The  calculation  of  the  live-load  stresses  in  any  one  mem- 
ber is  typical.  The  member  UiL4  is  taken.  The  influence 
line  for  this  member  is  drawn  to  scale  hi  Fig.  15  by  use  of 
the  influence  ordinates  from  Table  A.  The  salient  points 
occur  below  panel  points  Ut,  (74,  and  Uf*.  The  distance 
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I  ',  to  tin  neutral  I*M.U  0  equals  (21  )  - 


Calculation  of  Stopn. 
Slope  of  #  -  0 


--.or, 


,j  • 


-Jl 
,j 

"~ 


-  +  .0027 
mn  -  0 

Calculation  of  Coefficient*. 
Ci  -  M  »  _  .0105 

C,  -       .01  .0758)  -  +.0863 

C,  -  -  .0758  -  (.0336)  .HUM 

C4  -       .0336  -  (.0027)        -  +  .0309 
C,  -       .0027-          i»          -  +.0027 

The  sum  of  these  coefficient*  equals  icro.    This 
\\ith  formula  (6)  of  \r 

It  should  be  remembered,  as  is  pointed  out  in  Art 
!M-  value  of  these  coefficient*  may  be  measured  graph* 

ically.    For  example,  in  Fig.  15  the  value  of  C§  is 


.0663. 

,<^ 
By  use  of  the  formula  -jg-  -  2CW  and  Rule  1  of  Art 


'•>.   the  position  of  loading  for  maximum  tension  ID 

i..\v  be  determine!.     Try  wheel  :\  at  T4  with  the  load- 
ing advancing  toward  the  left.     Take  the  value*  of  the  load 

!  momrnt  MUDS  for  K\0  fn»iu  TaK 
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mr  -  -  .1094(30)  +.309(103)  +.0027(302)  =  +  .7 
-.1094(50)  +  .309(103)  +.0027(302)  =  -  .7 


Therefore  w*  at  (7i  gives  a  maximum  tension  in 
and  its  value  is 

S  =  SCAT  =  -.1094(230)+.309(1846)+.0027(19001)=83*. 

ICr 

By  use  of  the  formula  -7-  =  sCWand  Rule  2  of  Ait.:; 

the  position  of  loading  for  maximum  eompn  —  i«m  in  UJ^ 
is  now  determined.  Try  wheel  J  at  r;,  with  the  loading 
advancing  toward  the  right.  Note  that  the  signs  of  the 
coefficients  remain  unchanged.  Tak<  tin  values  of  the  load 
sums  and  moment  sums  for  J£40  from  Table  2. 

^    =  Z.CW  =  -.0105(192)  +  .0863(10)  =      -  1.3 
2L  =  zCW  =  -.0105(192)  +  .0863(30)  =    +  0.6 


Therefore  wt  at  U*  gives  a  maximum  negative  stress,  or 
compression,  in  £/»L4,  and  its  value  is 

S  =  2CM  =  -.0105(7092)  +  .0863(80)  =  -  67*. 

The  above  values  of  83*  and  67*  for  maximum  tension 
and  compression  in  U^L4  may  be  checked  by  use  of  formula 
S  =  qAg  (2),  the  values  of  q  being  taken  from  Table  16. 

Tension  UJL*  by  Equivalent  Uniform  Load. 
The  area  of  the  tension  part  of  the  influence  line  equals 
Az=  27.2 

The  influence  line  ohkm  is  not  triangular,  but  a  tri- 
angular influence  line  with  intervals  h  =  10  ft.  and  h  = 
45  ft.  approximates  its  shape  closely  enough  for  the  selec- 
tion  of  an  equivalent  uniform  load.     For  li  =  10'  and  k  = 
fable  16  gives  3.080*  as  the  equivalent  uniform  load. 


Therefore, 

S  -  qA.  -  (3.080)  (27.2)  -  s 

Thi*  value  checks  very  closely  that  obtained  by  the 
exaet  method. 


Comprettto'  y  Kquwlmi  I  m/ 

(  hooae  from  Table  16  the  equivalent  uniform  load  for 
/.       K)  ft.  ami  /,  -  65  ft.     From  the  influence  KM  A.  - 


S  -  qA,  -  (2.870)  (23.7)  -  681. 

cheeks  closely  the  value  obtained  by  the 

method. 

Calculation  of  other  members  of  thb*  arch  and  of 
more  complicated  framed  structures  shows  a  dose 
ment  between  the  two  preceding  methods,  The 
method  i>  thr  .simpler  when  a  table  of  equivalent  uniform 
loads  has  been  made,  especially  in  the  ease  of  the  more 
complex  influence  linen  for  members  of  swing  bridgfw,  two- 
hinged  arches,  arch  rib*,  etc.  The  method  of  calculating 
!••  of  equivalent  uniform  loads  will  be  explained  in  the 
following  article. 


PLEASE  RETUflN  TO 
OEPT,  of  APPLIED  MECHANICS. 


ARTICLE   IX. 

EQII\  All  NT   UNIFORM    LOADS. 

AN  equivalent  uniform  load  i>  one  which  givefl  I  lie  Same 
stress  as  does  a  loading  which  is  not  uniform.  For  any 
given  standard  loading,  the  equivalent  uniform  load  is  dif- 
ferent for  stresses  whose  influence  lines  differ.  Since  the 
forms  of  influence  lines  are  innumerable,  a  table  of  exact 
equivalent  uniform  loads  for  all  stresses  is  impracticable. 
A  table  of  equivalent  uniform  loads,  however,  for  stresses 
whose  influence  lines  are  triangular  may  be  used  with  little 
error  in  selecting  equivalent  uniform  loads  for  stresses  whose 
influence  lines  are  not  triangular.  It  is,  therefore,  sufficient 
for  practical  purposes  to  make  tables  of  equivalent  uniform 
loads  for  a  series  of  triangular  influence  lines.  It  may  be 
shown  that  the  equivalent  uniform  load  for  any  triangular 
influence  line  is  dependent  entirely  upon  the  intervals  li 
and  k,  and  is  independent  of  the  ordinate  h  at  the  apex 
of  the  influence  line.  Consider  the  triangular  influence  line 
in  Fig.  Ib  to  be  for  any  stress  S.  Let  the  ordinate  below 
C  be  any  value  h.  If  q  equals  the  equivalent  uniform  load 
covering  li  and  k, 

or 

S  =  qAz,  or  q  =  j-       (A 

The  area  of  this  influence  line  ua 

A,  =  \  (I,  +  h)  =  \  L (B) 

Furthermore,  if  the  concentrated  live  loads  have  been 
placed  so  as  to  give  the  maximum  pier  reaction  between 
two  spans  h  and  k,  this  same  position  of  loading  will  give 
maximum  5,  if  the  influence  line  for  S  is  a  triangle  with  the 
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same  nr  inHumce  ordinal**  for 

«>  related  to  the  influence  ordinal**  for  K  a 
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An  example  of  the  use  of  equivalent  uniform  loads  has 
already  been  given  in  Art.  8.  The  general  formula  S  = 
qAt  may  be  used  in  any  case.  For  the  special  cases  of 
bending  moment  in  a  beam  and  pier  reaction  between  two 
-imple  spans,  formula  (31)  gives 


M  =  g  ...........   (32) 

•  -,©-.('4*)  ......  <*» 

The  quantities  in  the  parentheses  are  the  areas  of  the 
influence  lines  for  M  and  R  respectively. 


ARTICLE  X. 

METHOD  OF  CALCULATING  TAHLE    Of    LOAD   SUMS    FOR   AKY 
STANDARD    l.nvhis.,        li.u     PKATIVE   EXAttlM 

THE  definitions  uf  moment  turn  and  load  mm  are  ghnc 
at  the  beginning  of  Art.  2.  It  t»  at  once  evident  that  a 
table  of  load  sums  may  be  computed  by  adding  the 

lua.k     It  may  be  shown  that  the  table  of 
Mini-    may    alao    be    calculated     by     the     proeea     of 
addition. 

From  fonnula  (5a   of  Art.  2, 


Or 

-  W.  -  djr. 

I  xpressed  in  \v«»nl>.  1 1..-  increase  in  the  moment  mm  for 

an  increase  </./•  in  the  distance  of  the  centre  of  moments 

wheel  1  equals  the  load  turn  times  dx.    If  the  load 

Mini  is  constant  for  an  interval  dx  -  1  foot,  as  between  eon- 

uted  loads,  the  increase  of  the  moment  *um  for  dx  - 

1  foot  equals  the  corresponding  load  sum.    If  the  load  sum 

:iMant.  hut  uniformly  increasing,  as  when  the 
tre  of  moments  lies  within  the  uniform  load,  the 
of  the  moment  sum  for  dx  -  1  foot  equals  the  amyt  valur 
of  the  load  sum  for  this  ont  uterval.    The  appli- 

:i  of  the  foregoing  principles  is  made  dear  by  the  fol- 
i.'Uing  example. 

>implf. — Give  explicit  directions  for  the  calculation  of 
a  tahlc  of  load  sums  and  moment  MIIIU*  at  inten*ak  of  1 

to  400'  for  (  O<»IH  r'tf  £40  loading, 
i.— Calculate  the  table  of  load  *um*  by  adding 
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the  loads  one  by  one.  taking  a  sub-total  for  each  addition. 
Thus,  the  following  numbers  are  added: 

1—10 

4—20*8 

4—  13's 

1—10 

4—20*8 

4—1 

If  the  final  total  checks  284  +  391  X  2  =  866,  the  table 
of  load  sums  is  correct. 

AsMinu'  now  that  the  table  of  load  sums  for  E4Q  has 
been  completed.  The  table  of  moment  sums  may  now  be 
found  as  directed  below.  The  following  numbers  are  to 
be  added  one  by  one,  taking  a  sub-total  for  each  addition: 

8—  10's 
6— 30's 
5— 50's 
5—70*8 
V— 90's 
5— 103's 
6— 116's 
5— 129's 
8— 142's 
8—1 
5—1, 
5— 192's 
5-212's 
9— 232's 
5— 245'a 
6— 258's 
5— 271 's 
5— 284's 
1—285 
1—287 
1—289 

and  all  odd  numbers  up  to  St.:, 

If  the  final  total  checks  up  183,689,  which  is  figm«l 
independently,  the  table  of  moment  sum-  i>  correct. 

The  preceding  additions  may  be  made  most  satisfac- 
torily on  a  recording  adding  machine.  Table  2  was  cal- 
culated in  this  v 

It  will  be  noted  that  the  table  of  load  sums  serves  as  a 
table  of  differences  for  the  table  of  moment  sums. 


ARTICLE  XL 

8UMMAHY   OF  FORMULA*. 

Art.  1. 

Z  -  Ztw  (1) 
Z  -  7.4. 

Z  -  wZz  (3) 

Z  -  i2u>  -  *JT  .  .                                          I 

Art 
Z  -  ZlTA  -  r.Li/vr.  -  C.A/.  (5) 

^      rw  WJ      C^Af. 

£     (-:li«  ,/, 


ZC-0      .  («) 

5  -  1C  .U    .  (7) 


4.     Girder  Bridge  without  Pond*. 

I-'.iul  portions. 

/?,  =  -"  L  w     ir  .  .  w 

fft-  W,  -    W    ;  (0.) 

Bonding  iiioincnt  for  une<|ual  xeRti  md  /,. 


(IM  l\   ...  H  ft •  ,, 

"        "      '         "          "  " 
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Bending  moment  at  centre,    li  =  Is  =  -s" 
Af  -  ^i±^l  _  Mt 


IF  -  —  T^  ~w°-  <lla) 

Shear  at  any  section. 

s  =  M±=_M±  _Wt (12) 

Location  of  centre  of  gravity  of  loading  on  span. 

*  = 
When  Mi  =  0, 


. 
TP.-M 


(13a) 


.  5.     Pier  Reaction. 
For  unequal  spans  ^  and  /,. 

•  T  +  f  -  &"•  - 


For  equal  spans  li  and  k  equal  to  I. 

2 


g.**'*-"* o« 

Relation  between  /?  and  A/, 

^  =  ^Af      (16) 

-Arf.  6.     Girder  Bridge  with  A/m  /*. 
Shear  in  end  panel;   general  case. 

=  -y-Afa-j-TrA/i — rA/2  =  -T~("T~A/3  -f  T"A/i  -    ilf»)(17) 


I  IVI  -I..U. 

/ "  •  //"     /'"'--/(I  '•  " 

L  li  l|v  /  /  ' 

Shear  in  in'.-i ::.••:.<.••  panel;  feoeral  eaae. 

w' 

/     /.  •  ,     / 


dx  "  "IT        ;>         p        T 

Shear  in  intermediate  panel;   umial 

S     .  ^4       ^!  . 

TT        /»          ; 

II     ,  H     : 

I/-T  /.  y> 


7.     Through  Pratt  Truss  with  Inclined  Chord. 

Stress  in  hanger.    U*e  fonnulan  (14a)  and  (15a). 
Stress  in  any  horizontal  rlmnl  iwmlx-r;   a*»ual  CAM-. 


Compression  in  any  inclined  top  chord  member  or  end 

1  :   usual  case. 


' 

Compression  in  vertical  post  ;  uxual  can. 

*  -(£)*•  -(!)*• 

-   in   iiirliiunl  \vt-h  inrinbem  including  count* 

<.l  r:i-r. 

s  - 


Strips  in  indiniMl  m  nter;   special  owe  of  loading  ad- 

\  MIUMM!  bevond  pam*!. 


U\  l.-l.n  \l>     -II 


c«-^  -" 

Counter-trn-ion  in  vertical  post;    usual  case. 


Formulas  (21),  (2,V.  and  (24)  are  of  the  general  fnrm 

S  =  GM<  -  HM>      (27) 

where  the  coefficients  (;  and  //  may  he  tabulated  thus: 

TI/JK  »f  tut  ////><  /• H 

i/i  1 

Horizontal  chord ... 

nr  V 

Vertical  pn-t TT 

Inclined  wel.  member.  .  .-rj-  /; 

The  rate  of  variation  of  S  in  formula  (27)  is 

=  GW<  -  HW3  =  H(^W4  -  TF,)      .   .   (28) 
When  S  in  formulas  (21),  (23),  or  (24)  is  a  maximum 
\JrWt  —  IT  j  pa>-e<  through  zero. 

Through  Pratt  Truss— Parallel  Chords. 
Stress  in  hanger, — use  formulas  (14a)  and  (15a) 

Stress  in  horizontal  chord  =  S,  =  (™}M<  -  C-)  M        21 

\  //  y/  \  j}/ 

"vertical  post  =  ,Sf,  -   (M-W,        (^)lf, 

x  I  j1  \j// 

t,  =  -S,  f3(D 


xS  HI   riltl   |KJtfi 


-i  .  (29),  and  (30)  are  of  the  croeral  form 
5  -  O-  Jl,  -  //    M. 

then    l:it<-  .-!    \  anatlMli   1- 


*(>•.-  if.) 


•  1  //  are  thr  r,M-l!in,-i,t  .1  ct|uatioiif»    .'1 

:m«l  (30),  re«|MM-ti\rl\ 

\N  boo    N    in   It'iiiHila-     Jl  .-  a   maximum, 


/  I  *  \ 

(//"         "   )  !»«••<•**•!»  thrciunh  zero. 


Art.  U.     Kifiiimlenl  L'mf 

j.u     -•/,- 

'/   1,1,    I 


('•  -i  '  ) 


<»> 


INDEX  TO  TAB1 


NO. 

uvlard  loadings 
2  Lengths,  loads,  load  sums,  and  moment  sums  from  I  to  too  ft 

for  five  standard  loadings 
8  Position  of  Cooper's  loadings  for  maximum  ptrr  reaction 

fflMffj  and  unequal  beam  fpant 

4  Position  of  Cooper's  loadings  for 

ment  in  beam  spans  . 

5  Position  of  Cooper's  loadings  for  maximum  end 


6  Position  of  Cooper's  loadings  for  maximum  panal  shear  • 

.  equal  panels 

7  Maximum  momenta,  shears,  and  pier  reactions  for  beam  snan«— 

Cooper's  £40  and  £50  loading* 

8  Maximum  momenta  at  panel  points  of  trass  hiMpsj    HM"" 


9  Maximum  sh«»nr*  in 
1<>  Maximum  tx»nding  moments  at  Moot  intervals  of 


1  1   Maximum  In-nding  moments  at  Moot  intervals  of 

JHO  lolling    .     .  nu 

12  Maximum  bending  moments  at  Moot  intervals  of  tiiasjs    nsum'i 

4BO  loading  IO4 

18  Maximum   pier  reactions  for  equal  and 

Cooper's  £40  loading 
1  1  Maximum   pier  reactions  for  equal  and 

Cooper's  £50  loading 

15  Maximum   pier  reactions  for  equal  and 

Cooper'*  /it*)  Ruling  IIO 

16  Equivalent  uniform  toads-Cooper's  JMO  loading  .  1  1  : 

17  Equivalent  uniform  loads—  Cooper's  £80  loading   .....  114 

18  Equivalent  uniform  loads—  Cooper's  £60  faadfag  ll« 
10  Influence-line  ordinates  for  bending  moments  at  Moot  intsrab  of 

bcnmnpaiw  11^ 

20  Reciprocals  of  influence-line  ordinatas  for  bending  mnninUi  a»  J4oa» 

vals  of  beam  spans  l.» 

21  Bending  momenta  at  Moot  intervals  of  beam  spaa*  due  to  a  onH 

uniform  load  .  :  ••' 


l.l\  l.-l.o  \i>    -I  EtE88£8 

DABLE  1 

STANDARD  LOADINGS 
Loads  grlvcn  are  for  one  rail. 


COOPER'S  E  40 


§§§§§§§§§§       §§§§       §§§§ 

28888     n^^2    2     8888     3322 


I 


M*M 


COOPER'S  E  50: 

§  §!§§ 

S3    8  8  8  8 


2  s  as 


§§§§ 


OO  Q 


fi     2  2  2  2 


_Q 


£MOIb«.  pr  ft 


COOPER'S  E  60: 


§  §  §§§    §§  S§   §    §§§§ 

28888     2222     3     8888     2222 

cbo  o^o  drbcbd)  tbiotb  l 


'!  'IsA-S-J*-  8- '^  5~  .yis'-L-Qj  5'*t(W*5il5i 


COMMON  STANDARD- 1904- PACIFIC  SYSTEM 


^tevivivj^^-^-  r    &  j3Si  a 


D.  L.  4  W.  R.  R. 


§      §§§§       §§§§       §       §§§§       §§§§ 

=    8  fi  «   8     3SSS     3     8888     SSS  S 

o  o  o  o  ^n  OOOO  noon  I   «-..,.. p,r f». 


" 


U\l. 


I  \l:l  I 

LOADStM>    \\D.\lo.\II.\i    - 1  \  i  >  1  OR  COOPER'S 

AND  OTIIKR   STANDARD   I.OAI»!M,> 


rt.— Load  SIIIIIR  .in. I  Mmnrtit  SUUM  are  given  par  nil  m 
of  pounds  and  foot-pounda  mpeothrt^r. 


68 


LIVE-LOAD   STRESSES 


COOPER'S  £40.    O'-^O' 


COOPER'S  £40.    50'-100' 


I*** 

WbMl 

Load 

Load 

Sum, 

Moment 
Sum. 

Lag* 

WkMl 

Load 

Load 

Sum.M 

Moment 
Sums 

o 

w.  1 

10 

10 

o 

50 

:<7xo 

1 

10 

51 

8022 

2 

20 

52 

II  Mil 

3 

30 

53 

4206 

4 

40 

.>! 

4848 

5 

:>o 

.v> 

•1  190 

6 

7 

.,<» 
70 

56 
17 

w.  10 

10 

152 

4682 

ITS  I 

g 

w.  2 

20 

SO 

;>x 

*    ' 

•19'il) 

9 

110 

59 

")OSS 

10 

1  10 

60 

5240 

11 

170 

61 

KOOQ 

12 

•MM) 

ti-> 

1644 

13 

20 

50 

•j:m 

r>:; 

6606 

14 
15 

2X0 

880 

r»i 

r.:> 

\v.   11 

20 

172 

6848 

r»o2o 

16 

880 

66 

BI02 

17 

no 

67 

B3A4 

18 
19 

20 
21 
22 

u      1 

20 

70 

iso 
550 

620 
690 
760 

68 

69 

70 

71 
72 

w.  12 

20 

192 

6686 

C>70X 

6000 

7(K»2 
72X-4 

23 

\\   :. 

20 

90 

830 

:.; 

7l7h 

24 
25 

no 

1010 

71 

7.". 

w.  13 

20 

212 

7r><is 
7sso 

26 

1100 

76 

S09'> 

27 

1190 

77 

S:UM 

2S 

12X0 

78 

s.r>  Hi 

29 
30 

1370 
1460 

7'.. 
80 

u.  II 

20 

232 

X72X 
8060 

31 
32 

w  •; 

18 

i<)3 

i  r,r,o 

It.  10 

81 

s-> 

9192 
9121 

33 

1743 

x:{ 

9<  !.•)(•> 

M 

lS-Ui 

84 

9SSX 

35 

1919 

85 

10120 

36 

2062 

86 

1  1  M52 

37 

w.  7 

13 

116 

2i.v> 

87 

1  1  »:,s  i 

38 
39 

40 
41 

2271 
2:',s7 

2503 

2i;i9 

s.s 
88 

90 
91 

u     i:, 

i.; 

•Ji:. 

10816 
11061 

11306 

1  1  551 

42 

2786 

82 

11796 

43 
44 

45 
46 
47 

w.8 

13 

129 

2X.-.1 
29SO 
.•{109 

8288 

8867 

88 

91 

95 
96 
97 

w.  16 

i.; 

268 

12041 
12299 
12557 
12815 
13073 

is 

•w.  9 

i.; 

142 

8406 

9S 

1  :>>M  l 

49 
50 

:;r,:<s 
:',7so 

99 

100 

w.  17 

13 

271 

18680 

13860 

(  'mifl.lt' 


100 

KM 

HI*. 

His 
KM 

110 

111 

lit 
ir. 
116 
111 


190 
121 

138 

u>. 

138 

no 

1  to 
in 
149 

m 
nt 

it:, 

it: 

Its 

in 


'&_  _Ooonui  •  £40     UMT-jor 


18  I      13 


144IU 

.-,... 


1 

i 


M6 
H8 

no 

MB 

UN 

MM 
KM 

00 


(M 


;;_• 

m 


m 

M] 

:n 

M6 

;«v 
100 

a 
m 
m 

/.x 

IOQ 

..._• 
m 


!   ..!.' 

I67W 
lOQOO 


I- 

U 

17331 

11  .!-. 

17800 

IS1CN 

10700 
10001 
10001 

toooi 

10016 
I  830 


JIIM 

22121 


B700 


;- 

i  I 

i  .. 

i 
i  | 

;    • 

160 

:•  : 


Ml 

i-  - 

170 

171 

171 
174 

17.  . 

178 
179 

|X4I 


IHI 

LOfl 

\m 
in 


191 


a 

I 

I 

I 
I 


274 


no 

414 
4ls 


'-• 


... 


41114 


44161 


U\  L-I.MAH     -I  I 

200'-250'  COOPER'S 


250'-300' 


Lnfth    Load  '  %Jjj£ 

tr 

Lenrth 

„,, 

& 

Man 

200 

166 

60180 

250 

666 

76289 

201 

»<ls 

60066 

.-xlx 

76856 

170 

51425 

670 

77425 

208 

472 

61806 

572 

77006 

474 

52369 

264 

.',7  1 

7S560 

476 

52844 

2.V, 

576 

79144 

206 

478 

68321 

266 

:,7x 

79721 

J07 

ISO 

53800 

580 

sn 

JOs 

182 

54281 

268 

582 

80881 

484 

54764 

260 

;,xi 

81464 

210 

486 

55249 

260 

686 

S2(M'.I 

211 

l,xx 

55736 

261 

688 

212 

562 

2(12 

600 

492 

567h. 

268 

602 

888K1 

214 

I'M 

57209 

264 

-)1M 

84401) 

JIT. 

IjMi 

57704 

2(1.") 

506 

58201 

266 

608 

'.01 

217 

* 

.">(  K  ) 

58700 

267 

•8 

600 

200 

218 

J 

502 

59201 

•jlis     ,$ 

602 

86X01 

21" 

i 

504 

59704 

L 

(101 

87404 

220 

506 

60209 

270 

606 

88009 

221 

c 

606 

60716 

271 

608 

XXtllli 

222 

3 

510 

61226 

J7J 

.iin 

8922:, 

223 

D. 

512 

61736 

5. 

612 

80686 

22  1 

514 

62249 

J71 

614 

9041'' 

22Q 

516 

•  I27.il 

275 

616 

<  »  1  (  N  1  1 

226 

of 

518 

281 

276 

618 

01681 

227 

1 

63800 

J77         620 

900 

-     522 

64321 

278 

(122 

02021 

524 

64844 

624 

Ml 

65:  ; 

2X0 

626 

04160 

528    65896 

281          <12x 

6642:, 

2x2         r»:;o 

125 

P 

p 

682 

534 

67489 

2X1 

. 

684 

9(1« 

586 

285 

686 

286 

588 

68561 

286 

688 

'•7'.w')  1 

237 

540 

69100 

287 

(140 

542 

1641 

Jss 

642 

00241 

:,ll 

701sl 

2x'.» 

(144 

00884 

240 

546 

707 

290 

(11(1 

100 

241 

548 

712 

291 

648 

101176 

242 

660 

71X25 

292 

660 

101825 

4 

662 

7237H 

652 

102  171, 

244 

72929 

654 

108120 

248 

rlrii 

73484 

205 

666 

108784 

568 

74041 

296 

104441 

247 

660 

74600 

2'»7 

106100 

24* 

161 

106701 

240 

564 

7:,72  J 

106424 

566 

300 

i.i.ii     107 

I.IM    I....H   KTREMUEft 

A' In         :m      IM 


• 


m 

.lui 

MM 
MM 
MM 
MM 


MM 
MM 

no 

na 

.;_•; 
BM 
BM 


;;; 
;;., 

no 


340 
MR 


Ml 


LOHM 

IOMM 

i 


1  1  '  »i  1  1 

IIISIII 


7m 

KM 

Tin 
TU 
7H 

718 

7JI 


7  in 

;;_• 
;u 

746 

;-.j 

m 
m 
m 

7..J 


I10QOQ 
117804 

Lamm 


125081 
126800 


1J7JU 


1 
130150 


I31QM 

i  OM1 
i  9100 
18H41 

i  MOB4 


i 

i. 
i  17870 


i  0841 

ll.li.4l' 

1 421* 

1 


LIVE-LOAD    -IHESSES 
COOPER'S  £50.    0'-50'  COOPER'S  £50.    50'-100' 


u^ 

\u,,; 

Lotd 

x^ 

Lo»d 

taM 

»zs? 

0 

w.  1 

12  .Ml 

12.50 

00.00 

7,0 

47  2. 

1 

12  .Ml 

7,1 

I'M)1'  50 

•> 

25.00 

7,(ISO(MI 

3 

7,:; 

7,'>7,7  7><l 

4 

7,1 

543500 

5 

t,J  7,(l 

7,7, 

A 

66 

w.  10 

12.50 

I'.KI    (M) 

")7'KI  (K) 

7 

7,7 

598000 

8 

UMIIMI 

I,  1711  (Ml 

9 

187  ."•<> 

10 

11 

1" 

17.YW 

L'l 

61 

o.oo 

t,7looii 

13 

w.  3 

.  ,s-  -)(( 

63 

712000 

14 

w  .  11 

215  00 

17, 

112  5u 

7525.00 

H, 

175.00 

66 

7740.00 

17 

7  7,1  1 

67 

7955.00 

Is 

25.00 

s7    7,11 

UMIIMI 

(is 

si  70  no 

19 

687  60 

ti'.l 

w.  U 

27,.  W 

240  66 

8385.00 

'u 

777,  (Hi 

70 

862500 

?1 

862  ",i  i 

71 

886500 

'.t.MI.OO 

72 

'.'10.YOO 

.'7,  (Ml 

11'    .Ml 

Hi:  17  .Mi 

7:; 

934500 

"i 

1  1  50.00 

71 

w.  13 

25.00 

265  00 

•>-, 

I2l>2  7,u 

77, 

«.»X50  W 

*>6 

1  ,75.00 

1011 

•- 

1  ls7  7,0 

77 

10380.00 

I'.MMIM 

78 

10647.  oo 

1712.7,0 

79 

w.  14 

25.00 

290.00 

I'i'.ii  i 

80 

1120000 

,1 

81 

1  141)000 

w  6 

16.25 

128.75 

2(17,000 

82 

1  1  7SO.OO 

2178.75 

r(i», 

M 

1  ':;c,(  M  in 

85 

2M>5.00 

86 

12'.I40  00 

w.  7 

16.25 

2093.75 

132 

'v,.  77, 

ss 

w.  15 

16.25 

'•"(Hi    ''"» 

i:;.Y'o  oo 

•J'.is:;  77, 

40 

:U2S  75 

90 

1  li:;0  7,o 

11 

1  1  i:;s  77, 

.;MS  77, 

92 

1  17  17,  oo 

U 

16.25 

ic.i  26 

-,  W 

M 

w.  ir, 

16.25 

17,07,1.27, 
17,:;: 

r. 

'17, 

15691 

46 

MH7 

96 

KiOls  77, 

47 

rov  77, 

Ki:;  11  27, 

w.  9 

16.25 

177    7,ii 

l:;70  (Ml 

98 

1'* 

17,17  7,0 

u    17 

16.25 

1725.00 

100 

1782 

LIVE-LOAD 

Coorm't  *80.    IOO'-M0' 


:  - 


100 


no 

111 
11J 

lit 
11". 
II., 

117 

us 
119 

121 


MO 

110 

111 

Ml 

1  17 
Ms 

100 


; 


'.. 


..i 


INI 


.;:_•  MI 

.57.',    INI 

,;77  M. 
.;MI  ... 

:;sj  MI 

:;s:,  ,., 

.;s7  MI 
390.00 

000  MI 

:;'•:,  ,., 

:;'«7  :MI 

I.M  ... 

u  rj  :-» 

in;,  ... 

407.50 

no  oo 
ii-j  :-» 
415.00 
417.50 

|JI»    .10 


IJ7   :HI 
I.;o  ... 

r.j  --> 

08  «»> 

i.t:  :-i 

no  ... 

uj  :-i 

u:,  mi 

117   .vn 
IMi  .«• 

i.vj  :-i 

I.V,   i.i 
I.-.7   .Mi 


i  ;-.•-.  00 

is,.,.,  n 

H 
... 

... 

J..I..I  ... 

KMH  ••• 


.'^..1  H 
B781  H 

JIM1    M 

MOM  ... 

MM  H 

... 


••• 
J..S.M  H 

inn  "> 

17861  H 
BOM  "" 

28461.25 

... 


"H     •,',       ,.. 

mil  H 

.io.Vin  ... 


nsra  «•• 

.ii-ii  M 

.i.v  u.  ... 


H 
••• 

B8S]  H 
I997Q  I.. 
Mill  ••• 

16301   H 

... 

H 


;  a 

:    I 

1  . 

154 

i  1 
IM 
i  •„• 
i  I 
150 

100 

h.l 
101 
101 

i..; 
MO 
100 
P.: 
Ml 
MO 

170 

171 

171 

171 

170 

177 
1> 
179 

180 

1*1 
Ml 
Ml 

1st 

Ml 

is., 
IsT 

IV, 

MO 


1-1 
MO 


Ml 
Ml 
101 
MO 

18 


S7III 


512  SO 


4IMI 


44751 


47781 


:    . 


57411 


61111 


1.1\  r.-l.n\D    - 


COOPER'H  £50.    200'-250' 


•  R'a  £50.     250'-300 


Uncth 

• 
Load 

I^wd 

Moment 
Sum* 

LH«U 

i- 

Load 

T.pnt 

Sumn 

200 

582.50 

63111.25 

250 

707.50 

95361.25 

901 

585.00 

68095  m 

261 

710.00 

'.HM)70  (K) 

no 

587.50 

04381>2o 

•J.VJ 

71-2.50 

'.Mi7sl    -jr, 

200 

590.00 

64870.00 

288 

71.->  00 

'.'7J95.00 

•201 

592.50 

654(>1  28 

264 

717.50 

98211   J- 

•_>().-, 

595.00 

r^io.v,  IK) 

266 

720.00 

200 

597.50 

66651  28 

266 

722.50 

80051.  -2:1 

207 

600.00 

r,7j:»o  INI 

257 

725  m 

::,  (MI 

•JOS 

602.50 

67851.25 

258 

7-J7.60 

loiioi  26 

200 

605.00 

68455.00 

280 

0  00 

inisM.OO 

•210 

607.50 

69061.25 

200 

732.50 

L02561  28 

211 

610.00 

69670  INI 

261 

7  :;:,  00 

10329 

212 

612.50 

7<>jsl    •_>:, 

•_><;•_> 

7.7  50 

loni.;i    _•:, 

218 

615.00 

70s'..:,  IMI 

2«»:5 

710   (HI 

HH770  (M) 

•211 

617.50 

7ir.ll.25 

•j<u 

742 

in:,:,  ii  j:, 

215 

620.00 

7J1W.OO 

206 

7l.->  00 

UMiJ.V,    (N) 

210 

622.50 

72751  26 

206 

717  :>o 

107001  -j:, 

217 

«» 

625.00 

7337  f,  <MI 

207 

•0 

7  .0  00 

1077:,0  (Ml 

218 

8 

i;-27  :.<» 

74001   j:. 

268 

i 

768  :.o 

ios:,(ii  j:, 

219 

«s 

630.00 

Q    (Ml 

200 

IM 

7.-,:,  IK) 

1092.r)r.  (MI 

220 

632.50 

7.YJH1.25 

270 

L 

757.50 

110011  j:> 

221 

I 

635.00 

7.-.S«».->   (Ml 

271 

4 

760.00 

110770.00 

P 

r 

637  60 

76531.25 

272 

^ 

762.50 

1115:il   26 

223 

| 

640.00 

77170.00 

273 

i. 

765.00 

112295.00 

224 

642.50 

77811.25 

274 

767.50 

11:3061.25 

226 

1 

645.00 

78455.00 

275 

770.00 

113830.00 

2-jr, 

5 

647.50 

79101.25 

276 

:  i 

772.50 

11MXJ1.25 

227 

II 

650.00 

79750.00 

277 

II 

77.-,  00 

115375.00 

±>s 

•o 

652.50 

si  Mil!    •_>:, 

278 



777  50 

1161.r>l   26 

229 

1 

5  00 

81055.00 

278 

j 

780.00 

116930.00 

230 

657.50 

81711.25 

280 

- 

782.50 

117711    26 

231 

E 

660.00 

82370.00 

281 

^ 

785.00 

iisi<i:>  (Hi 

282 

| 

662.50 

83031.25 

L>s_> 

| 

787.50 

119281.25 

288 

J 

665.00 

83695.00 

•js:; 

c 

790.00 

1JIMI70.00 

284 

^ 

667.50 

84361.25 

2S4 

792.50 

uosr.l  j:, 

286 

670.00 

85030.00 

2s.-, 

7'<:,  00 

121655.00 

286 

672.50 

85701.25 

js<; 

797.50 

122451.25 

675.00 

86375.00 

287 

800.00 

123250  (Hi 

677.50 

87051.25 

288 

802.50 
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280 

680.00 

87730.00 

JSO 

805.00 

124855.00 

240 

682.50 

88411  •_'.-. 

200 

807.50 

125661.25 

241 

685.00 

8909.')  m 
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810.00 

U(H70  (M) 

687.50 

89781  -j:, 

292 

812 
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690.00 

90470  <HI 

sir,  00 
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91161   j:. 
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M7.50 
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•21.-, 

695.00 
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697.50 
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93250  (MI 
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S27  M 
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705.00 
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'   00 
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• 
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COOPER'S  £60.    0'-40'  COOPER'S  £60.    50'-100' 
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Sums 
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o 

w.  1 

15.0 

15.0 

00.00 

50 

5670  00 

1 

15.00 

51 

.i.x.x:{  (M) 

2 

HO   (Ml 

52 

(iO'.H,    (M) 

3 
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53 

(i:  ;<>'.»  (M) 

4 

<•><)   (HI 

.14 

6522  00 

5 

75.00 

66 

6735.00 

6 

90.00 

56 

w.  10 

15.0 

228.0 

C.<MS  (M) 

7 

105.00 

57 

7176.00 

8 

w.  2 

30.0 

45.0 

120.00 

58 

7404.00 

9 

165.00 

59 

7632.00 

10 

210.00 

60 

11 

255  00 

61 

SOSS  (K) 

12 

300.00 

62 

8316.00 

13 

w.  3 

30.0 

75.0 

345.00 

63 

S.1H   00 

14 

420.00 

64 

\\  .  1  1 

30.0 

258.0 

S77'J  00 

15 

•!«.)•)  W 

65 

'MHO  00 

16 

570.00 

66 

'.rjxs  oo 

17 

645.00 

67 

<).11»i  (Ml 

18 

w  4 

30  0 

105.0 

720.00 

66 

MSI  It    00 

19 

825.00 

69 

w.  12 

30.0 

288.0 

10062.00 

20 

930.00 

70 

10350.00 

21 

1035.00 

71 

KM  ilix   ()() 

22 

1140  00 

72 

1  «>'•_>(•,  00 

23 

w  5 

30  0 

1350 

1245  00 

73 

11214  00 

24 

i;;xn  (MI 

71 

w.  13 

30.0 

318.0 

1  1.1(12.00 

25 

1515  00 

75 

11820  00 

26 

1650  00 

76 

12138  00 

27 

1785  00 

77 

12456  00 

28 

1020  00 

78 

12774  00 

29 

2055.00 

79 

w.   1  \ 

348.0 

13092.00 

30 

2190  i"> 

80 

13440.00 

31 

•Jii-J.-)  00 

81 

13788.00 

32 

w.  6 

19.5 

154.5 

2J(iO  00 

82 

14136.00 

33 

•  ••  i  i  i  :,i  i 

83 

14484  00 

34 
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84 
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35 

2«.v):j  .10 

85 
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36 
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86 
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37 

w   7 
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87 
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38 

:i4(Hi  50 

88 
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39 
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89 
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40 
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90 
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41 
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91 
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42 
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92 

17694  00 
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44 
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19.5 
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94 
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45 
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95 
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46 
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M 
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49 
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99 
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50 
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I  1\  I  -LOAD   STRESSES 


c «'•  AV.O.    2<*>'  250- 


AV,0.      250'   :{(MV 
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££ 
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l^.a.l 
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M«Er 
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mi 
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,|    00 
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705  0 

77137  50 
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205 
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207 

720  0 

80700.00 

257 

X70  0 

12(M50.00 
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723  0 

81421.50 
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873.0 

121321    50 

900 

726.0 

82146.00 

876.0 

122196.00 

210 

729.0 

82873.50 

900 

879.0 

123073.50 

211 

732  0 

88604  JM) 

261 

882.0 

123954.00 

912 

735  0 

84887.60 

902 

886.0 

124837.50 

213 

73s  o 

85074  00 

208 

XXX  0 

125721  (X) 

214 

741.0 

85813.50 

264 

X91    0 

126613.50 

215 

744.0 

S0550  (K) 

966 

X94   0 

127506.00 

2  Hi 

747.0 

87301.50 

•  ><  ,t  ; 

X97  0 

12X401.50 
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•g 

750.0 

88050  00 

207 

« 

<MX)  0 

1293W  (X) 

218 

J 

753.0 

88801.50 

20X 

J 

9030 

130201.50 

219 

I 

756.0 

89556.00 

200 

906.0 

131106.00 

220 

£ 

759.0 

90313.50 

270 

J3 

909.0 

132013.50 

221 

| 

702  0 

91074   (X) 

271 

912.0 

132924.00 

222 

1 

705  0 

91837.50 

273 

915.0 

2. 

70s  o 

92604.00 

273 

&        918.0 

134754  (X) 
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771.0 

274 

§921.0 

135673.50 

996 

774.0 

94146.00 

275 

9240 

130590  (X) 

co 

777.0 

94921.50 

276 

927.0 

137521.50 

997 

II 

7so  o 

95700.00 

277                      930.0 

138450.00 

228 

"2 

788.0 

96481.50 

278           -2 

139381.50 

990 

£ 

786.0 

97266.00 

279 

936.0 

1403H.  00 

230 

d 

789.0 

98053.50 

280 

939.0 

141253.50 

981 

5 

792  0 

98844.00 

281 

| 

9420 

142194.00 

232 

^ 

795  0 

99637.50 

282 

"3 

9450 

1  13137   .",(  i 

233 

c 

79s  0 

100434.00 

283 

94X  0 

1440X4   (X) 

231 

801.0 

101233.50 

284 

951.0 

145033  50 

235 

X04   0 

102036.00 

285 

954.0 

1459XC,  (X) 

986 

807.0 

102841.50 

2x<; 

957.0 

nr,9ii  5o 

237 

810.0 

103650.00 

287 

900  0 

1479(X)  (Hi 

988 

813.0 

101  Mil.  50 

2xs 

9030 

980 

816.0 

105276.00 

289 

966.0 

240 

819.0 

1060.' 

290 

969.0 

150793.50 

241 

X22  0 

106914  00 

291 

972.0 

151704   (XI 

242 

x25  0 

107737.50 
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COMMON  STANDARD  0'-50' 


STANDARD    :.()'-  1W 


Lrnith 

WbMl 

L-d 

Load 

Sums 

Ms=" 

l,n,<h 

WM 

Load 

Load 

Sum* 

Moment 

BOOH 

0 

w.  1 

12.5 

1  J  B 

00.00 

50 

5120  00 

1 

12  ')() 

51 

5312  50 

2 

25.00 

52 

5505  00 

3 

37.50 

53 

:><•><  >7  50 

50.00 

54 

.")X«K)  (X) 

fi 

62  50 

55 

<iOS''     .")() 

6 

75  00 

56 

\\     10 

i"  :• 

2050 

7 

87  50 

67 

8 

w.  2 

27  5 

40.0 

100  00 

58 

r>(ix.r>  (X) 

I 

140  00 

59 

r>x<»o  (x> 

10 

180  00 

60 

7005  (H) 

11 

220  00 

61 

7300  00 

12 

2<>0   (Ml 

89 

7")()r)  (X) 

13 

w.  3 

27.5 

67.5 

300  00 

n 

7710  00 

14 

367  50 

64 

\\     1  1 

•7  :. 

232.5 

7915  00 

15 

435  00 

65 

8147  50 

16 

502  50 

08 

x:vso  (X) 

17 

570  00 

r>7 

8612  50 

18 

w.  4 

27.5 

95.0 

c,:i7  :><> 

86 

sxif)  m 

19 

732.50 

w 

w.  12 

27  B 

260.0 

9077.50 

20 

827  50 

70 

93.S7  MI 

21 

922  50 

71 

9597  50 

22 

1017.50 

72 

9857  50 

23 

w.  5 

27.5 

122.5 

1112.50 

73 

10117.50 

24 

1235.00 

74 

27.5 

287.5 

10377.50 

25 

1357  50 

7:, 

KM;I;:>  IMI 

26 

1480  00 

76 

10952  50 

27 

1602  50 

77 

11240  00 

28 

1725  00 

78 

11527  50 

2«.) 

1847  50 

79 

u     1  \ 

•7  :. 

315.0 

11815  00 

30 

1970  00 

80 

12130  00 

31 

•>(><)•>  /in 

81 

12445  00 

32 

w.  6 

17  5 

1400 

2215  00 

82 

12760  00 

33 

2355  00 

88 

13075  00 

34 

2495  00 

XI 

13390  00 

35 

2635  00 

x.-> 
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36 
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Mi 
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37 

w.  7 
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87 
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S8 
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XX 
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14650.00 

39 

3230.00 

89 
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40 
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90 
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91 
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42 
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92 
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•M 

w.  16 
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ION  STANDARD  200'-250' 


J.M> 


[«*ft 

Load 

Load 

Sum, 

isr 

L^tt 

Load 

Load 

Sums 

Moment 
Sums 

200 

612.5 

r,7.^ii  j:> 

860 

737  5 

101311  26 

JOl 

in:,  n 

<ixl7:>  (N) 

261 

740.0 

iojo;,o  oo 

an 

r,i7  :. 

68791   -  . 

252 

742  5 

10J791  -j:> 

908 

r,2o  o 

.,'tnn  IHI 

253 

746  <> 

i  («:>:{;•  (K) 

.MM 

«,J2  :, 

7m:  ;i   j:, 

j:,  \ 

717  5 

lorjxi  -jo 

jo:> 

•  >j:>  n 

7(Ni.V,    (HI 

266 

760.0 

Hi.-.OHO.OO 

MM 

«>27  ;, 

71-JM    26 

266 

io:,7xi  26 

JOT 

<i;m  o 

7p.no.  oo 

257 

7.V,  o 

10668 

JUS 

632.5 

7j:.i]  j:, 

j:,s 

:;i7  ;. 

107291   'jr, 

208 

635.0 

7:;i75.00 

259 

760.0 

108050.00 

210 

637.5 

73811.25 

200 

762  5 

108811.25 

211 

IVIO  0 

74450.00 

Jin 

7r,;,  o 

iim.-,7.vm 

JU 

li-u  :» 

75091.25 

J»iJ 

7«i7  :, 

11  (Kill    2--i 

Ji:; 

r,r,  o 

76736  'HI 

770  0 

111110  (M) 

JM 

647.5 

763s  1  j:> 

264 

772.5 

111881.25 

216 

650  0 

;o.OO 

265 

775.0 

112655.00 

216 

w 

<i.->2  :, 

77681  26 

260 

g 

777.5 

113431.25 

217 

J 

655.0 

78335.00 

jr,7 

J 

7X0  0 

114210.00 

218 

I* 

657.5 

01.25 

208 

t« 

7X2  o 

n  r.i'.n  2:, 

219 

& 

660.0 

79650.00 

269 

& 

7s:>  0 

115775.00 

JJO 

•a 

tiiij  :, 

MI:;  11   jr, 

270 

3 

787.5 

116561.25 

221 

r 

•;»;:>  0 

SO'.I7:>  (N) 

271 

£j 

7900 

117350.00 

222 

8. 

667.5 

sum  j:, 

272 

a 

792  r, 

118141   j:> 

•Jj:i 

670.0 

82310.00 

273 

79.-)  0 

118935.00 

224 

672.5 

82981.25 

274 

g 

797.5 

1197:il  26 

22:, 

<N 

675.0 

83655.00 

275 

N 

S(H)  0 

120530.00 

jj.i 

II 

677.5 

84331.25 

276 

I 

S02.5 

12i:;:;i  26 

227 

lixo  0 

85010.00 

277 

ii 

SOo.O 

122135.00 

JJx 

682.6 

85691.25 

278 

o 

807.5 

P22911    2.-, 

229 

g 

685.0 

86375.00 

279 

a 

810.0 

123750.00 

230 

J 

687.5 

87061.25 

280 

«,*, 

812.5 

1245T.1   26 

j:n 

^ 

wo  o 

87750.00 

281 

•fl 

i 

815.0 

75.00 

J.TJ 

P 

«;«i-j  :, 

88441.25 

282 

p 

817.5 

126191    26 

288 

•;«»:,  o 

89135.00 

283 

VJO  0 

127010.00 

284 

r,!»:  :, 

89831.25 

284 

s-J-J  .") 

1278:11  26 

235 

7<M)   (> 

90530.00 

286 

825.0 

12Mi;,.-,  .(M) 

888 

702.6 

91231.25 

286 

827.5 

1294X1   2:, 

237 

705  0 

91935.00 

•Js7 

880.0 

i:;o:iio  ixi 

888 

707.5 

92641  26 

JSS 

832.5 

131141.25 

239 

710.0 

93350.00 

JS't 

835.0 

131975.00 

240 

712  5 

94061.25 

280 

v;7  r, 

132811.25 

241 

715.0 

94775.00 

291 

siO  0 

mr,r,o.oo 

242 

717.5 

95491  25 

292 

srj  :, 

i:ui9l  2:. 

848 

7  JO  f) 

96210.00 

288 

XJ.VO 

135335.00 

244 

7JJ  r, 

96931.25 

204 

847.5 

136181.25 

245 

725.0 

'.i7»i.Vi  m 

206 

850.0 

i:;7030.(X) 

846 

727  5 

98381.25 

296 

x.?J  :, 

137881.25 

247 

7:-!()  () 

99110.00 

207 

x.V,  0 

138735.00 

'-Ms 

99841.25 

208 

867.6 

139591.25 

249 

7:;:>  (i 

]m:,7.-,  (Hi 

200 

X(iO  0 

140450.00 

250 

737.5 

nn:;ii  -j:, 

300 

862.5 

141311   jr. 

UYB-LQAD 

c., MUMS  STANDARD  300'-<360'  CUUM..S 


'•' 


100 

MB 
MM 
MM 
MM 
MM 

MR 


016 

on 
001 
on 
on 

OM 

on 

on 

-TJ7 

on 
on 

on 

on 
on 

OM 

on 
on 

00? 

m 
on 

MO 
an 
049 

044 

:<  I-', 


i 


i 


on " 

v,7  :, 

x7n  n 

s7j  | 

s7:,  n 

s77  :, 

XS4I  0 

svj  :, 

XV,  o 


VM    II 

906  .'. 

•S..N'I  ,'. 
-.rj  B 

'»!!.-,    (I 
'  M  17      "i 

910.0 

912  5 

-.•17  :. 

'•JO    II 

••Ir,  o 

'I  iO    II 

985.0 

937  5 

'.MO  o 

•M:,  o 

'.l.'^l    O 

-».v,  n 

'•-,7   B 
960  0 


•>-,-,  o 

•H',7  :, 

••70  o 

<»7J  :, 

-.17:.  o 

•>77  :, 


.»x.-,    O 
•K7     B 


Ml  ill    M 

in 
H 

14391000 
144781.25 

... 
H 
117110.00 

MS.-H  OB 
1I-.H7:,  m 


... 
Bfl 


l.M.vu.  ... 

I.V.II!    H 

'»• 
n 


159061  25 
159975  00 
160891.25 

INI 


... 

n 

H;.V,HI  IN. 
nw;iii  H 
i  «,;.{;:,  m 

168311  j:> 
l.i'.ij.^i  in 
I7ui«u  08 
i:n:«.00 
17JOM  2fi 
179090.00 

17.5-.ix  |  M 

171'.;:,  ... 


17781 

17x77:,  •». 


"' 


...i 


••: 


on 

.:; 
074 


on 

on 
m 


OM 

n0 

Bn 

>7 

m 

.X'. 

m 


097.10 
100000 


MO  H 
101500 
1017  30 


loaooo 

i-i.j   -• 


1040 


iay  n 

105000 

•  I-.J  - 

10&500 


mo  • 

106500 


ton  n 

ton  n 


mi 
181681  25 

... 


... 

U 

i» 


109250 
109500 
109750 
110000 
UOO  H 
110600 


mo 
tin 


197MI 


21 IWI 


D1S41 


K7M] 


84  LI\  1  -LOAD   STRESSES 

LA«-K\\\\N\A  0'-50'  I.\<  K  \UV\\A  50'-100' 


la** 

\vh,,: 

Load 

Load 

•«• 

Moment 

Length 

Wh.--l 

Ix.a.l 

Load 
Sums 

Moment 

Sums 

o 

w    1 

11 

1  1  in 

00  000 

50 

474-i  *  -  . 

1 

11  000 

51 

4911  00() 

2 

22  000 

52 

aOTS    (HID 

3 

33  000 

53 

.VM.'i  (K)0 

4 

44  000 

54 

w     III 

11 

178  00 

."»U''    (KM) 

5 

55  000 

.•).•) 

:..V.M»  (HMI 

ft 

LI  i   (MM) 

66 

;,7i;s  mil 

7 
8 

XV       L' 

25 

36.00 

77.000 
113.000 

57 
66 

.V.)Hi.(XH) 
6124  000 

9 

149.000 

66 

r.:i(rj  (KM) 

10 

185  000 

do 

6480  000 

11 

221  000 

r.l 

\v     1  1 

28 

J(M  (H) 

•  ir,:,s  (HID 

12 

liV.OO 

257  000 

62 

iisr.1  (KM) 

l  ; 

318  000 

68 

71  Mil     IMMI 

1  t 

379  000 

<>t 

7267  000 

15 

440.000 

»•.:> 

7470  000 

16 

501.000 

66 

\v     1" 

26 

J2S  (K) 

7673  000 

17 

25 

86.00 

562.000 

67 

7901  000 

18 

648.000 

68 

8129  000 

19 

734.000 

69 

8357.000 

?0 

820  000 

70 

8585  000 

?1 

906  000 

71 

W.  13 

25 

253.00 

8813  000 

?? 

w  5 

25 

111.00 

992  000 

72 

'.KHili    (MX) 

?3 

1103  000 

73 

9319  000 

?4 

• 

1214  000 

74 

9572  000 

?5 

1325  000 

75 

.    (KM) 

•v, 

1  l.'.ii  (MM) 

76 

w.  14 

25 

278.00 

10078  000 

71 

1547.000 

77 

1<  >:;:,»>  (MKI 

?8 

1658.000 

78 

HM,:;i  IMMI 

?9 

1769.000 

79 

10912  000 

30 

1880  000 

80 

11190  000 

31 

w.  6 

14 

125  00 

1991  000 

81 

11  KiS    IMMI 

2116  000 

82 

11746  000 

33 

2241  000 

83 

12024  000 

34 

2366  000 

84 

rj:;(K2  000 

35 

2491  000 

85 

w.  15 

14 

292.00 

I'J.XI  (KM) 

36 

w.  7 

1  | 

139  00 

2616  000 

86 

1  '^72  000 

37 

2755  000 

87 

i:il  It.    (KKI 

H 

2894.000 

ss 

i:;i:.f,  (HKI 

n 

Wi.'i  (KM) 

80 

i:;7^  (KMi 

40 

3172  000 

MO 

\v    Hi 

14 

:;IMI  (K) 

1  inld  (KKI 

41 

w  8 

]  | 

l.V,  m 

:;:',n  IKKI 

91 

1434(1  (KKI 

42 

:;ir,}  IMMI 

<>•_> 

14652  000 

43 

:',r,17  IKKI 

93 

i  i(.»;>x  (KKI 

44 

3770  000 

<U 

l.VJfi-l   (KKI 

r. 

3923  000 

M 

w  17 

1  i 

320.00 

15570.000 

46 

w.  9 

1  i 

167  66 

J(>7»i   (KKI 

06 

15890.000 

47 

4243  000 

07 

16210.000 

48 

4410.000 

98 

16530.000 

49 

4577.000 

99 

16850.000 

50 

4744.000 

100 

w.  18 

14 

334.00 

17170.000 

1  .» 
101 

l.rj 

MM 

IT, 

nr, 
in: 


110 

111 

lit 
ir. 
116 

117 
lls 

119 


Ul 

196 

130 


MO 
111 

lit 
146 

147 

MX 

148 


M 


oo 


m  oo 

;;.,  H 

a  •"> 

;»o  :  , 
M  in 
Ml  M 

347.50 

.!»••  76 

;:,j  ui 

;.M  88 

;v,  BO 

;:.s  76 

;.,i  .M 

MO  86 


.170  i  m 

ITS  88 

.571  .MI 

179  m 

;;M  86 

881  00 

{x.-,  7:, 
388.00 

.;•*>  86 

:;•!.»  .MI 

.;•.»»  78 

.;-.'7  (M 

:{«.»•.»  88 
401.50 

iu;  78 

tm;  m 

jos  88 

410  50 

H'»  :,o 

Ul  o» 

».••-.  86 
428.50 

i  ;o  76 

j  ;;  ... 

i:«:.  88 

181  10 


17170000 
170M  000 


!•..!>    : 
80HO   ... 

:. 
'»'  • 


Jll   is 

M500 


86086 

80016 
808H 

80786 

J7I7M 


i«.. 

u. 
600 

I-''- 
"•> 
138 
MM 
128 

.«., 


87960  100 
28344  u. 

JN7IO     ..M 


80M  ...... 


81968  •-•• 
O404  i-1'. 
no 


88M8  190 

•••• 
|98 
84618  •-•• 


198 
86880  "" 
888M  196 


:    -' 


!   .. 
• 

:    - 
:  " 


Ifll 


106 

i  .; 

'    - 

17o 
171 

173 

171 

176 

170 

177 
l> 

179 


181 
183 

IM 
IM-, 

187 

i- 
180 

190 

I'M 
Ul 

196 
IM 

198 


, 

45100 

i  -     - 

. 

45775 

:    ' 

46450 
406  75 


t:i  26    48888  125 


;>.  . 

.  -     . 

.       , 
50050 

Ml  «•• 

n  i 


•  • 
i* 

.  i 

•  i 

•  • 

•  • 


i46  I 
54500 


Mi 


i.  IN  i.  -LOAD   >i  i 
200'-250'  LA<  K\U  unu  250'-300' 


,_„ 

Load 

££ 

'  Sum'"' 

,,,„ 

Load 

Load 

Sum, 

Moment 
BOM 

200 

550.00 

60938.000 

250 

662.50 

91250.500 

201 

552.25 

61480.198 

26] 

664.75 

'.H'.Ml    12.-, 

202 

554.50 

r,2oi2  :,m 

252 

667.00 

92580.000 

208 

556.75 

«',2.Y.K   12.', 

253 

669.25 

93248.125 

201 

559.00 

63156.000 

254 

671.50 

'»:{«)  1.x  ,">(X) 

206 

561.25 

63716.125 

255 

673.75 

94591.125 

563.50 

<,127X  :,00 

266 

676.00 

'.).vjr,r,.ow 

207 

565.75 

64843.125 

257 

67* 

206 

568.00 

•,-.110.000 

288 

680..  -,o 

200 

570.25 

65979.12.-, 

259 

682.7:, 

'i   198 

210 

572.50 

66550.500 

no 

685.00 

97988.000 

211 

574.75 

•  .7124.125 

ni 

687.25 

98674.125 

212 

77  00 

67700.000 

282 

»,s'.»  ;,o 

99362.500 

"  i  •  ; 

579.25 

68278.125 

263 

f.'.tl    7.-, 

1000.-,:;  126 

214 

581  ..-.o 

6885S  :,oo 

264 

694  m 

MM  1746.  000 

216 

•583  7"> 

li'.MII    12.-, 

266 

606.2.', 

101441    12:, 

2  Hi 

686.00 

70026.000 

286 

008  60 

L02138  :.<HI 

217 

^» 

588.25 

70613.125 

2(17 

T 

7m  7:. 

l()2x:;x  12.-, 

218 

§ 

590.50 

71202.500 

2tis 

| 

lo:;.Yio  (KM) 

"I 

592.75 

71794.125 

200 

'- 

705^25 

104244.125 

220 

* 

.-,'.«:,.  00 

72388.000 

270 

0. 
f, 

7o7  50 

1059.-' 

221 

~r 

26 

72984.125 

271 

•   7:, 

!().-,(  -,.-,«)    12:, 

222 

| 

599.50 

73.582.500 

272 

712.00 

106370.000 

223 

=_ 

601.75 

71lx:;  12.-, 

273 

714.25 

107083.125 

224 

o 

604.00 

74786.000 

274 

o 

716.50 

107798  500 

225 

9 

606.25 

75391  .  125 

275 

9 

718.75 

168616.126 

226 

<N 

608.50 

75998.500 

271  i 

c^f 

721.00 

109236.000 

227 

II 

610  76 

76608.125 

277 

II 

723.25 

109958.125 

22s 

_ 

613.00 

77220.000 

27s 

•O 

725.50 

110682.500 

230 

J 

615.25 

77834.125 

279 

1 

727.75 

111409.125 

230 

~ 

617.50 

78450.500 

280 

a 

730.00 

112138.000 

231 

~ 

619.75 

79069.125 

281           E 

732.25 

112869.125 

232 

622.00 

79690.000 

282 

1 

7  ;l  50 

113602  500 

233 

624.25 

80313.125 

283 

p 

736.75 

11133.x    12.') 

284 

626.50 

80938.500 

284 

""' 

739.00 

115076.000 

235 

628  7. 

81566.125 

285 

741.25 

115816.125 

286 

631.00 

82196.000 

286 

7  i:i.  50 

nr,;,.Yx  :,oo 

237 

633.25 

82828.125 

2X7 

71.-,.  75 

11730:;  126 

238 

»>:{.->  r,o 

83462.500 

2ss 

7ix  00 

118050.000 

239 

637!  75 

84099.125 

289 

750.25 

118799.125 

240 

640.00 

84738.000 

200 

7.  ',2.50 

119550.500 

241 

642.25 

85379.125 

291 

754  7.-, 

120304.125 

212 

644..  -.0 

86022.500 

209 

7.Y7.00 

121060.000 

243 

646.75 

86668.125 

293 

700  26 

I21X1X    12:, 

244 

649.00 

s7,Hi  000 

204 

761.50 

122578..  500 

245 

651.25 

87066.126 

295 

763.75 

123341    L28 

246 

653.50 

xxrii8.no 

206 

766.00 

121106.000 

217 

655.7.-, 

89273.125 

297 

768.25 

2  is 

668.00 

89930  000 

298 

770.50 

125642  500 

240 

860  28 

90589.125 

200 

772  78 

r]r,4i4  12.-. 

250 

662 

91250.500 

300 

775.00 

1271X8.000 

l.t.   R4HISM 


!.     .••• 


NX) 
800 


107 

;tus 

BOO 

119 


819 
319 

no 

.iJl 


838 
08 

827 
08 
BO 

no 

831 
:;.;_• 
889 
834 
886 
880 
887 
888 
880 

810 
849 


848 
840 


'-;•! 


77'.  -i 

7M  7", 

7M  .M 

;s,i  88 

7xs  .M, 
790.75 

7-...t  m 

:•.»:.  88 

7'.:  .MI 

T'.ri  7.-, 

sir.'  m 

s<n  88 

SI  Hi  ."-I 

S4IS  7.-, 

Ml  ... 

SJU  IM 

sj.i  7", 

S.-l  (M 

s-u  88 

v;s  IN) 

sin  88 

slJ  :,.) 

s||  7.-, 

S.M  .-H. 

818  7:, 

W,  <»> 

s.,o  :^» 

889  18 

868  «»" 

s,,-.i  80 

s:i,  88 

s7s  -„. 

ssi i  7". 

xv;  .». 

xx7  .Ml 


138749  M., 


1  ;u;..,  .... 

131878  •— 


.... 


BOO 

u, 
130050.000 
187488  118 
138888  •— 
1390)" 
188818  """ 

Mi  Hiss    I.'', 


N.M-is 


138 


mil.;.-,  IMI 


147300 

llsins 

MS-,;; 


138 

.M.I 

138 
138 


151450  500 

i  :,.-.-.•  i  138 

I.VillM  (Ml 

i.v;«iss  138 

155091  I.'* 

|M,-,J«,  i»» 

I.  >_•„.•  -(... 

19812  1  188 

iVi-.ss  .... 

I.--IVM  138 

I..17JJ  •--' 

183800  188 

188488  '•"» 

188318  '"•' 

...    ,,r,>  '     • 
. 


..! 


•> 


.,.,1 


.... 


.71 

179 

171 

878 

.7., 
.;77 

;7s 
878 

m 
m 


;.-, 
08 

m 


i 

i 

I 


S:S 


119  H 

919  00 
•     . 
fiO 
18 


...7    ... 


811 


7 


881  • 

•-i  :: 

-  ;  . 

'.\ 

m  : 

••77  • 

••:•.  : 


•8875 

981  00 


174116000 


'•- 

•  • 


LIVE-LOAD 


TABLE  3 
POSITION  or  COOPER'S  LOADINGS  FOR  MAXIMUM  STRESS 

<\i«i  .  nt  /, 


8*~» 

• 

= 

>-. 

?, 

S 

S 

5 

^ 

.- 

-r 

1 

r~ 

1 

1 

«c- 

.- 
t~ 

7. 

S 

1 

•5 

i 

0 

§ 

§ 

^ 

|  Longer  So^tm  in  /.  5  £  § 

no 

(-200 
l.Vl 
140 
130 
120 
110 
100 
95 
90 
85 
80 
75 
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1 
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1 
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1 
1 
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5 
6 
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7 
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11 
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12 
12 
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12 
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12 
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12 
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12 
12 
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in 
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11 
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15 
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17 
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is 
is 
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i:> 
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• 
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13 
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[3 
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12 
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12 
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13 

12 

12 

12 

12 

12 

12 

12 
12 

12 

12 

12 

12 

12 

12 

12 
11 
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12 

r.' 

12 

12 

11 

11 
11 

12 
:. 
12 
12 
12 
12 
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12 
13 
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i;{ 
i:; 

12 
12 
12 
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13 
13 

12 

11 

12 

i:; 
i:1 

12 
11 

l.; 

12 

11 
11 
11 

11 
11 

GBMBBAL  Nons.— The  table  given  wheel  for  maximum  for  any  strew  which  has  a  triangular 
influence  line. 

In  caw  of  two  unequal  segment*,  the  live  load  approaches  on  the  longer  segment  except 
where  wheel  is  ovcrlined.  when  live  load  approaches  on  shorter  segment. 

When  both  segments  are  each  greater  than  142  ft.,  advance  load  on  longer  segment  first, 
and  upon  next  segment  until  wheel  No.  1  is  within  33  feet  of  the  far  end  of  the  latter. 
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TABLE  6 

POSITION  OP  COOPER'S  LOAD i \  i    <   i -HI  \u  IN  PANELSOFC 

v\i.  Tm  s>   Midi). 


Number  of 

PA 

SKI. 

I...S 

3TH 

M:T 

PaMfe 

PtaHl 

H 

28 

M 

•j:> 

26 

27 

H 

•J!» 

M 

31 

82 

88 

84 

:jr, 

6  ... 

0-1 

4 

4 

4 

4 

5 

5 

5 

B 

1-2 

3 

3 
3 

3 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

8 

4 

3-4 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

a 

7 

1  .1 
0-1 

2 

2 

2 

2 

2 

•J 

2 

2 

2 

2 
4 

2 
5 

2 
5 

2 

.-. 

1-2 
2-3 

^ 

3 
3 

3 
3 

3 
8 

8 

3 

3 

8 

:-; 

8 

3 

3 

4 

4 

3-4 

3 

a 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

!    B 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

8..  . 

.r>-6 
(M 

I 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
5 

2 
5 

2 
5 

1-2 
2-3 

:i-4 

| 

3 
3 
3 

8 
3 
8 

8 

:i 
3 

3 

:; 
:* 

8 

3 

3 
3 

3 
3 

8 

3 

8 

3 

3 

1  .1 

2 

2 

2 

2 

o 

:i 

8 

3 

3 

3 

3 

3 

3 

3 

5-6 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

6-7 

2 

2 

2 

2 

2 

•_' 

2 

2 

2 

2 

2 

2 

2 

2 

(M 

:i 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

B 

1-2 

a 

3 

3 

3 

4 

1 

4 

1 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

4 

4 

4 

4 

1 

1 

3-4 

3 

3 

3 

3 

3 

3 

a 

8 

3 

3 

3 

3 

4-5 

2 

3 

8 

3 

3 

3 

8 

3 

3 

3 

3 

3 

3 

5-6 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

:* 

6-7 

2 

2 

2 

2 

L> 

2 

2 

2 

2 

2 

2 

2 

2 

2 

7-8 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

in 

n  l 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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1-2 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

a 

3 

3 

3 

3 

3 

4 

4 

4 

1 

4 

4 

3-4 

3 
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3 

3 

3 

3 
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2 

2 

2 

2 

2 

2 
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2 

2 

2 

2 

2 
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2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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1 
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1 

1 

1 

1 
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1 

2 

2 

2 

2 

2 

NOTK.— Place  tabulated  whed  at  right  end  of  corresponding   panel  with  locomotive  ad- 
vancing toward  left. 
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TABLE  7.— Continued 
MAXIMUM  MOM*:-  \M>   Pur    Hi  \<  NONS  FOR  COOPER'S 

\SDAKD    LOADING* 


(Figures  for  One  Rail) 
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Ml 

Hi 

Max. 

Moment 

Max.  Shear. 

Max. 

iVr 
K«-act. 

Max. 

Moment 

Max.  Shi-arH 

Max. 

fit 

End 

XPt. 

(Ynt. 

End 

XPt. 

(Ynt. 

54 

1081.4 
1116.9 
1152.4 

11x7   9 

1228   i 

12.il    n 
1299  r, 
1338.3 
1877.0 

in:,  «, 
1  t:,:,  :, 
1497.5 

i:!xi  :! 

170?!6 

1749.3 
1793.0 
1833.9 

1x79  2 
192.',  x 
1972.0 

2019    1 

2112^ 
2160.5 

2207  7 

2806  :, 

211*;  9 
iVi'o  •; 

2«i7o  :• 
2723  0 
277<i  7 
2831  6 

2xx.-,  ;{ 

29:  19  :, 
2991    :, 

:;oi9  o 

91.5 
02.6 
93.7 
94.8 
06.0 
97.0 

9X0 
99  2 
100.1 
101.3 
102  (i 
lo:{  x 
105.0 
KHi.l 
107  x 
109  2 
110.5 
111.8 
L13.3 

111    x 

116.3 
117.7 
119.1 
120.4 
121.7 
123.0 
124.2 
12.-,  ti 
12<i  9 
12X  2 

132  !l 
133   l 

i  ;  i  7 
i:{ii  o 
187  2 
i:;x  .-, 
180  x 
Ml    1 
142  4 
i  i.;  <i 

Mix 

146.2 

56.1 
66.8 

57.5 
:,x  2 
68.8 
60.6 

(,01 

80.7 

61.3 
61.8 
62.4 

63.6 
64.2 
»H  x 
65.4 
65.9 
66.5 
67.0 
67.5 
68.0 
88.6 
60.2 
69.9 
70.5 
71.1 
71.7 
72.3 
73.0 
73.7 
74.4 
7:,  1 
7:,  x 
76  6 
77.1 
77.9 
78.7 
7"  6 

xl  II 
xl  7 
82  5 

S  1  *> 
^  i  _ 

26.1 

.  ),  •       | 
JO     * 

26.6 

2»i  9 
27.2 
27.5 
27.9 
28.2 
2x  :, 

2x..x 
29    1 
29.4 
29.7 

80.7 

31> 

32.6 

32.9 

34  (• 

34.4 

.11   7 

36.5 
37  - 

138.0 
140.3 

112  7 
145.4 
148.1 
L60  • 
163  2 
155.7 
158.2 
UK)    I 

Kir,   2 

L67  B 
170.1 
172.5 
174.8 
177    1 
179.3 
181.5 
L88  7 
186.  C 
188.2 
190.4 
192.5 

191    7 
I'.Mi.N 
19X   9 
200.  < 
20iM 
20.-,   < 
21  Hi  .«. 

208.  t 

210  >• 
212  - 

211    7 
216.7 
218.6 

220  li 

221    ! 

22«i  :; 
228   i 

1351.8 

1396.1 

1440.5 

llxl   9 

1.V29    2 

L676  2 
f624.fi 

172?   2 
L760  6 
L810,  l 

1x71    9 

1924.  l 

2029  ^'l 

2ox|    9 

2134,  i 
2186.6 

2211    2 
2292.4 
2340  i 
2Ki7  :; 
2J(i.-,0 
2628.0 
2.-.X1.2 

2700  'f, 

27:,9  r 
2X20  9 

294:,    I 

:;oox  »; 

3206  .'l 

3888  l 
8408.7 

.  •'  •(  H  •    1  1 

:;xii   2 

114.5 
115.8 
117.2 
118.5 
119.8 
121.2 

122   6 

i2:,/2 

12V  2 
129.7 
131.2 
133.0 
134.8 
136.5 
138.1 
139.8 
111    7 
i  r,  6 
1  1:,  :; 
147.1 
14X.X 

l!vj  'l' 

i:,:{  x 
155.3 
157.0 

ir,s  (i 

Kil   S 
163.4 
165.1 
166.8 

Kix    l 
170.0 

171    :, 
17:;   l 
174.7 

17x    0 
179   6 
IXI    0 
1X2   7 

70.1 
71.0 
71.8 
72.7 
73.5 
74.4 
75.2 
76.0 
76.6 
77.4 
78.0 
78.8 
79.5 
80.3 
81.0 
81.7 
82.4 
83.1 
83.8 
84.4 
85.0 
85.7 

Mi    r, 

87.4 
88.2 
88.9 
80.6 
90.4 
91.2 
92.1 
93.0 
93.9 
94  3 
B6  7 
96.5 
97.4 
98.4 
99    I 
ICO     1 

101   2 
102  1 

lor,   1 

32.6 
88.0 

88.6 

34.4 
84.0 

35.2 

:',»',  o 
36.4 
36.8 
37.1 
37.5 
87  - 
38.1 
38.4 
38.8 
39.2 
39.6 
40.0 
40.4 
40.8 
41.1 
n  6 
n  7 
42.1 
42.5 
43.0 
43.4 
i:i  7 
44.1 
44.5 
44.9 
45  2 
45.6 
45.9 
46.2 
46.6 
46  P 
17  :; 
47.5 
47  9 
48  1 

172.5 
175.4 
178.5 

1X1    X 
IS',    1 

ixx   l 

191  :, 

191    7 
197   7 
200  7 

2<Mi  7 
209  7 
212.7 
216  6 
218  6 
221  .. 
221    1 
22<i  9 
229  (i 
232  4 
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24X  (i 
261   i 
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266  r, 

2r,x  .-{ 
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282  7 

286  i 
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58.  . 

59 

60.  . 

61. 

62  

63... 

64  
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73 
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75 

76 

77. 

78.. 

79.. 

80... 

81  

82  

83  

84.. 
85.. 
86.. 
87  
88  

89  

90  

91 

92 

94.. 
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TABLE  8 

MAXIMUM  MOMENTS  FOR  TRUSS  BRIDGED— COOPER'S  £50  FOR  ONE  RAIL 
Moments  Given  in  Thousands  of  Foot-Pounds 
* 


ii 

H 

PANEL  LENGTHS 

8*0" 

8'  6" 

yo" 

V9" 

irir 

11'  6" 

12'  0" 

12'  6" 

13'0" 

13'  6" 
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5979 

7411 

8820 

10203 

11562 

120  Hi 

14278 

15628 

100X2 

225.. 

1404 

2700 

4122 

;>4r,:, 

07r,x 

x<)34 

02xs 

ur.i;, 

11743 

12070 

Ml  '.is 

15422 

JIM)  . 

1273 

2505 

3727 

4020 

JMH)S 

7241 

X304 

0400 

lO.W 

iioo;, 

12750 

175.. 

1130 

2230 

8836 

4300 

->13() 

043X 

7430 

X301 

03C,4 

10330 

11300 

122iiO 

160.. 

lOTrt 

2073 

3082 

4003 

.V)22 

KM) 

oxr,2 

7742 

X<i3x 

0535 

KM24 

L1300 

150.. 

1003 

1002 

2917 

3X43 

4740 

M20 

Olxo 

73m 

Sl.H) 

X'.H.M 

0X33 

KNM.t 

140.. 

047 

1X51 

2750362044715287 

0003 

oxr>2 

705X 

X450 

0230 

HMii.i 

130.. 

880 

173x 

2582339441914951 

5703 

0417 

7101 

7001 

8686 

03«i3 

120.. 

K34 

1025 

2410  ilfvl  31MX'  .IMS 

6807 

r,«.H->4 

(iO.-ix 

7345 

X02X 

s7«»l 

110.. 

774 

1500 

2234 

20303017  4200 

4905  5514 

(ills 

07X2 

74  M 

8038 

f* 

100.. 

714 

1300 

>0:,r) 

200033203010 

4494  5053 

r,r,r,o 

0234 

6813 

•*«* 

95.. 

0x2 

1320 

1963 

256631693730 

42(.M):  4X04 

5431 

5'.»01 

0540 

7000 

2 

90.. 

050 

12»V4 

ixrxi 

jm  :;oni3550 

4114  4661  6908 

5734 

0203 

07X0 

£ 

85.. 

617 

1200 

1770 

231428543365 

3923  4442  4936 

545X 

505X 

0140 

5^ 

80.. 

5K4 

1134 

1071 

2isr,  _>»•,!»}  :;-JIH 

3715  4205  4690 

5171 

5040 

6117 

75.. 

551 

1070 

1573 

20542530^3008 

3489  3964  4422!  4874 

5761 

t 

70.. 

516 

KX)3 

1474 

1023  231  i02SO.-, 

3254  3706  4132  4 

4007 

:f 

65.. 

482 

931 

1307 

]-()•)  •>•>()•)  •>(;()•) 

3019  3437  3831  4221  4608  i«.i'.»3 

jj 

60.. 

453 

SIM 

1260 

l».l(.i202:)23SO 

277CN  3155  3519^  3884  421:;  l.V.»7 

55.. 

42.-, 

.so:, 

1172 

1.-,1S  S.V,2H».r) 

2546  2884  3214  3514J  3859 

50  . 

397 

750 

1091 

1398  17132023 

2336  2634  2928 

3219 

45.. 

367 

692 

KM):, 

121M)  .~>07  1^47 

2136  2404  2669 

40.. 
35.  . 

335 
302 

635 
570 

918 
819 

1171  1419  1669 
1  'i:>o  1272)1490 

1921  2160 

1707 

30.  . 

270 

506 

721 

01  s  10<»  1204 

25.  . 

235 

440 

622 

787  946  .... 

20.  . 

2m 

373 

518 

o:>o 

15.  . 

i:>o 

3m 

410 

10  . 

100 

200 

5.. 

50 

For  Ji  and  J,  each  >  142  ft.  M  -  li  12  +  3800 
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MAXIMTTU  BINDING  MOMENT*  IK  • 

i  DOM     /  in  LOAM 


18327190; 


I1MJ  I  l.t'r-.M.-Ui.l  I'M 


«'•  ••  -  I'vi^XM^I 


171  171341801 


MOW  15780 

14088  11^7  i:-WI  IM421728II 
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>  1IJM     W  -  /./. 
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TABLE  11 

MAXIMUM  B»  MM\<.  MOMKXTS  IN  (IIRDKR  BHID-.I  -  \\iiii"i  r 
COOPER'S,  £50  LOADING 

\  alucs  in  Thousands  of  Foot-Poun<l>  p<  r  Hail 
SHORTER  SKT.MBNT  It 


5 

10 

15 

20 

30 

H 

40 

46 

50    ( 

<;u 

1918 

3788 

5643 

7474 

'.1204 

11025 

12754 

1  1152 

L6I46 

17848J19 

13621228 

•joi) 

1755 

3401 

5153 
4059 

0819 
015X 

X447 
7C.22 

10043 

9052 

11010 

13144 
L1826 

14079 
13200 

1C.22017 
145X1  15 

71X1927X 
M  9  173  11 

175. 

1424 

2795 

41.5.X 

.5-487 

(i7x7 

XO4X 

92XS 

10489 

11705 

1292111 

132  15333 

160. 

1310 

2591 

3X52 

6079 

027X 

7137 

X57X 

9677 

1079X11919  3 

)3014125 

150. 

1254 

2453 

3646 

48<M 

5930 

7025 

8100 

9130 

10187  11243U2 

291  13330 

110 

1184 

231  1 

343X 

1525 

.V>S'.) 

0(>O9 

7017 

X57X 

9572  10502  1  1 

54512520 

130. 

1114 

2173 

3227 

4242 

5239 

01X9 

7129 

80-21 

X951  9x7»i  10 

791  1  1701 

120. 

10122031  30123955 

KX3 

5700 

003  { 

7155 

X!  122  9  1  x  1  1  (M  135  1  (  )XX(  } 

110 

9.  is  ixsti  2793  3002 

4521 

0131 

6899 

7(')X.">!  X17X  9 

JOX  1004X 

100. 

892  1737  2569(3362 

1150 

4XS7 

5618 

0310 

7(H')3)  779.'{  X 

-)l(i  92.'U 

-*' 

95. 

853 

1(>01 

_!  15  1  3_'os  :;(.n  ii   ji'.ii.; 

6863 

6080 

6789^  748H  8 

1X3  8X70 

= 

90. 

X12 

15X0 

2333  '3055  3770  4437 

5143 

5820 

(  502  71(ix  7 

S29  84X2 

8 

85. 

771 

1500 

221328933568  4206 

4904 

5552 

61701  6823  7 

148  X(MH 

i* 

80. 

730 

141X 

208927333368  4000 

4014 

6286 

,"X()2  0404  7 

)5X  7040 

QQ 

75. 

889 

1337 

196625683163  3760 

1861 

1966 

.r52X  (KH>3  (> 

150  7201 

h 

70. 

646 

1254 

1X13210-1  295X  3500 

4068 

"105  5091  0 

2(H.l  0723 

65. 

800 

1  164 

170922402753  3253 

3774 

4296  47891  52761  5 

7<iO  0211 

60. 

666 

1080 

158220612531  2986 

3403 

3949  4399  485S  5. 

304  5746 

531 

1006 

1405  lx<»7  2320  271  1 

31X2 

3605  4017  4392|  4. 

J24J  

60 

496 

937  13(il  1717  2141  2529 

2920 

3293 

8660 

1021 

459 

xr»5  i  •.?"»«;  101:*  i9.'.<  -jum 

8006 

8886 

10 

119 

794 

1147  1464  1774  2086 

2401 

2700 

713 

102  1312  159O  1.X02 

2134 

30. 

338 

632 

901  1148138ft!  1617 

25. 

294 

7781  984 

1  1X1J 

20 

250 

168 

647  820  1 

15. 

187 

513 

10 

125 

250 

62 

':  and  /,each  >  1  12  ft    M  -  1.25  f,  I,  +  4750 
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ViUuc*  in  TbouMKb  of  Poot-Pouwii  prr 


i.  iaii 
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or /,  and /,  rmch  >U2fi.  .I/  -    I  -",  /  /    f 
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TABLE  12 

MAXIMUM  BENDING  MOMENTS  IN  GIRDER  BRIDGES  WITHOUT  FLOOR-HI  \M  . 
COOPER'S  £60  LOADING 

Values  in  Thousands  of  Foot-pounds  per  H.iil 


10 


15 


25 


u 


40 


45 


250  2302  4547  6772  8969 


2252HX1  11531)1X4 
20019093757 


S1X3 
7390 
499016584 


KiO 


157!M10!l  1(122 


KNM 


150  1505  2M4  4375  5765 
1401421277741265430 
130 1337  2608  3872  5090 
120  125CM2437  3614  4746 

no  lir.j  22».;.;.;52  i.i'.u 
100  1070J  2084|3083|4034 
951024 


X5 

XO 


11117 
1013(1 
'.Hid 
8144 
7531 
7123 
6707 


12052 

10602 


12517 
11146 


7127 
6912 


55  (137 

50  5!  15 

45  551 

1O  5O3  '.>•' 


7r,s  227(i 

r,:i72(HMi 


;>()/ 
37(1  1757 
2291574 
1081  1378 
9341181 


5   224   450\  616 

01  15fl  30M 

5I  *t 


10 

1 


6425 

l'.)xo 


i{.).  >( ) 
330-1 
3037 
27X1 


2351 

212!» 


KK13 
lllx 


55!  Mi 
532 1 
5O17 
4x00 
4512 
4207 
3'.)03 

3293 


2771 

2503 


P.I40 


17342 
1 5773 
1  1P»0 
12587 

11(112 
'.•720  UK I5i, 
!»1  10  10291 
X555  «.Mi25 
7961 
7.;:,: 
(1712 
8436 
6172 
5xx5 


lx.x2 
1629 

4156 

3X1X 


P>37121 41X2344225174 


(i'.>5X,lXlOO 

5(»:;ii  ir,(.»5o 
474!) 


894( 

X270 


72'.  Mi 
(!'.)'.» 1 


15X10174'.)7  1 
1 4(M(il55O!)l 
I2!)5h  1  I3o:; 
12221  134«)2 
1  1  ixr,  12«171 
1074111851 
'.t'.ixd  1  K)17 

xl7d  '.1352 
xi  17  x'.»x7 
7XO''  X(  iO'' 


3854 


2xxl 
2.561 


4732 


3210 


4x20 
1392 

KM.:; 


4829 


5(  )2  1 
10-15 

2(  I5.x 
10X1 

(H,l  1 


9176 

XI,  H 

8068 
7489 


For  /,  and  It  each  >  142  ft.  M  -  1.5  J.J,  +  5700 
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TABLE 

If  OMBfflB  IM  GtWMM  BttJ 

r.H,i-i.r>  Am 


VfthMB  b  Tbotmod.  oC  FooHwood.  prr  lUil 


II- 


70821771 

•  ,  •  ",  • 
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I  \BLE  13 

M  \\IMI-\I  I'ni;  Mi  \  "i-\i.  \\i>  UNEQUAL  SPANS,  Conn  K'^ 


Values  in  Thon-Mii'l-  «n'  l'oim<!s  JXT  Rail 
SHORTER  SEGMENT  /, 


1 

10 

20 

26 

so 

35 

45 

•:,<  » 

.;i  i 

.:i  i 

818 

326 

:\:w 

:us 

842 

us 

287 

287 

200 

294 

:',oi 

904 

:w 

:;i" 

817 

200  . 

Nil 

361 

"71 

276 

278 

281 

"st 

287 

292 

''•Mi 

175  . 

234 

Ml 

244 

248 

261 

254 

•>;>s 

262 

21  Hi 

1  >C.M 

LOQ 

218 

218 

220 

242 

24<) 

•2'A) 

";>t 

i:»o 

•'(17 

210 

"1  1 

218 

229 

E81 

234 

239 

•Ml 

140.. 

198 

196 

198 

210 

"1  1 

"Is 

220 

224 

•)•)(, 

130  . 

185 

185 

187 

L92 

I'M', 

201 

208 

•,>os 

210 

214 

219 

224 

120.. 

174 

171 

17(1 

181 

Isj 

180 

192 

I'.Mi 

198 

204 

208 

213 

110 

16? 

162 

165 

170 

17.; 

178 

Is] 

185 

188 

193 

198 

20? 

_ 

100.. 

150 

i  :,i  » 

l  :,.  ; 

L58 

162 

166 

170 

171 

177 

182 

187 

19? 

- 

M 

1  II 

1  H 

14^, 

!.")! 

1  .Vi 

L60 

168 

173 

178 

182 

Iss 

£ 

'.Ml 

187 

187 

140 

I  u; 

UjQ 

IM 

158 

163 

168 

174 

178 

Is  ; 

if 

85. 

i.;i 

131 

184 

130 

142 

1  is 

1,Y> 

L68 

163 

168 

174 

178 

i 

80. 

75  

124 
118 

124 
118 

137 

,  .,., 

l.;.; 
120 

187 

i.;n 

i  rj 
L36 

146 
140 

Ifi3 
146 

158 
152 

163 

i  ;,s 

168 
162 

171 
167 

I 

70  
65  
60. 

110 
104 
98 

llo 
104 
98 

11  1 
107 
101 

190 
L12 

106 

Ul 
11s 
1  10 

128 
122 

1  1.", 

134 
126 
119 

180 

L2fi 

146 
139 
181 

150 
144 
137 

156 
149 
142 

162 
L66 

1  Is 

55  
50.  . 

93 

s7 

93 

87 

95 

<M) 

99 
(M 

108 

<>s 

108 
102 

113 

10S 

118 

1  1  I 

126 

1  is 

130 
124 

134 
[20 

Ml 

45 

82 

82 

85 

90 

MS 

nr> 

lo-.t 

1  1  1 

118 

40 

70 

7.", 

7'.) 

84 

ss 

92 

MS 

102 

108 

35 

00 

69 

71 

7s 

x  ' 

s7 

02 

98 

30 

63 

63 

67 

7" 

77 

X    ' 

sii 

25 

57 

57 

66 

71 

76 

20 

50 

50 

M 

80 

15 

10 

in 

GO 

:>:> 

10 

:<o 

30 

to 

5 

•>o 

?0 

.  .  . 
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A  in 


n 


-.'.Ml 
JJ-, 
•JIM 
17.-, 
I*  I 

140 

i:ii) 

110 

UN) 

H 
«m 

H 

n 

75 

70 

u 

80 


8H 
BH 

:im 

J.VN 

JIS 

J.is 

JJ'» 

•Jls 

•JUT 


i::t 


I.™ 


B80 
B06 

J7'.» 

8M 

J.Y» 
JU 

283 

-jj 
212 


I'M 
ls«) 
1st 
17s 
171 

HM 


BH 

881 

*n 

JSJ 

200 
8H 

JIM 

230 

•J-Js 
Jls 


l«»s 
I'M 
Ks 

IT'S 


888 

810 
814 
880 
874 
881 
888 
848 
j.;.; 
8H 
JM 

•Jtis 
jn.{ 

IMS 

ivs 


BH 
881 

280 
BH 
8H 
250 
BH 
'.;(! 

810 

JM 
•Jir-i 
J(M 
1  •.*-.• 


874 
880 
881 
BOO 

JSl 

274 
BM 

JU 

881 

jjt 
210 

JM 

BOO 


878 

HI 


.'7s 


Jls 

•JJ'S. 

2H 

Jls 


178 


Ml 


888 
881 


8n 


m 


417 


91 
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TABLE  14 

MAXIMUM  PIER  REACTIONS  BETWEEN  EQUAL  AND  UNEQUAL  SPANS,  COOPER'S 

£50  LOADING 

Values  in  Thousands  of  Pounds  per  Rail 


0 

5 

10 

15 

20 

26 

80 

85 

40 

46 

60 

66 

250.. 

:>92 

392 

394 

39s 

403 

407 

111 

415 

420 

423 

428 

432 

225  

88Q 

359 

362 

367 

372 

376 

380 

383 

3St> 

390 

396 

401 

200 

JD6 

326 

329 

335 

339 

344 

347 

351 

355 

359 

365 

370 

175 

208 

293 

295 

301 

305 

310 

314 

318 

323 

327 

336 

160  

2T3 

278 

275 

281 

285 

290 

295 

298 

302 

307 

313 

318 

150  

2r>9 

250 

262 

267 

272 

277 

281 

2SC, 

2S9 

293 

299 

305 

140  

245 

24f, 

24S 

254 

258 

263 

2<  is 

273 

275 

2SO 

2S(i 

293 

130  

231 

231 

234 

240 

245 

251 

•j;>4 

200 

262 

20S 

274 

2SO 

120  

217 

217 

220 

226 

230 

286 

240 

245 

248 

255 

2W 

L'liti 

110  

202 

202 

206 

212 

216 

222 

22»i 

231 

235 

241 

247 

253 

-1' 

100  

187 

187 

191 

197 

202 

20S 

212 

218 

221 

227 

234 

240 

95  

180 

180 

183 

189 

11)4 

2(M) 

20-1 

210 

216 

222 

22S 

235 

c 

90  

171 

171 

175 

182 

187 

192 

197 

204 

210 

218 

22:* 

229 

5) 

85  

164 

164 

168 

174 

ITS 

is:, 

190 

19S 

204 

210 

217 

223 

TO 

80  

155 

155 

159 

166 

171 

177 

183 

191 

197 

204 

210 

217 

»- 

75  

147 

147 

1ft? 

158 

163 

169 

17ft 

183 

190 

197 

?03 

?09 

u 

70  

138 

138 

143 

150 

Iftft 

160 

167 

174 

18? 

188 

19ft 

-,>o-> 

s 

65 

130 

130 

134 

140 

147 

15? 

158 

166 

174 

ISO 

isr> 

194 

M 

60 

123 

123 

126 

132 

137 

144 

149 

156 

164 

171 

17s 

185 

55  

116 

116 

119 

124 

129 

135 

141 

148 

156 

162 

His 

176 

50  

109 

109 

112 

118 

122 

128 

135 

142 

148 

155 

161 

45  

102 

102 

106 

112 

116 

122 

128 

I3<i 

142 

148 

40 

94 

94 

99 

105 

110 

115 

1?? 

1?8 

13ft 

35 

86 

86 

92 

98 

103 

109 

lift 

1?? 

30  . 

79 

79 

84 

90 

9T> 

10? 

108 

25  . 

71 

71 

77 

83 

89 

95 

20 

63 

63 

70 

75 

8? 

15 

50 

50 

62 

69 

10.. 

38 

38 

50 

5 

25 

25 

For  h  and  It  each  >142  ft.  R  -  1.25  L  + 
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MAXIMUM  Put*  REACTION* 


EQUAL  AMD  I'vw 


jm 

I  to 

llo 

06. 
00 

85. 

n 


i.;: 
to: 
:;;:, 
141 

on 

810 


•J7J 

on 

040 

•Jio 

j.;.-, 

no 

no 


1"! 


081 
040 

on 
on 
ooo 

001 

•J7s 

J.,', 

000 

JJ7 

JtJ 


JM 
•Jin; 


Us 

080 
006 
080 

OM 
Oil 

ooo 

008 

J7.5 
•Jim 
OM 
MO 

Ma 

006 

000 

on 


n 


000 
MO 

.;.;.. 

010 

.ioi 

001 

J7-. 
J..7 

no 

OM 
MO 

Ma 


181 
100 

no 
uo 
no 

m 

M 

W7 

J..7 

m 
no 


MM 
.;-, 
166 

117 


in 
no 
m 

140 


ni 


uo 


00 

no 

UH 

m 

HI 


'  i 
' 


481 


10 


;:: 


1. 
w 

448 

III 


:< 


410 
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TABLE  i:, 

MAXIMUM  PIER  REA<  |U ALAND! 

LOADING 

Values  in  Thousand-  of  Pounds  j>< -r  Hail 


0 

5 

10 

16 

M 

•::, 

80 

35 

in 

45 

50 

55 

250 

470 

170 

473 

478 

1M 

iss 

\\\:\ 

t'ts 

">(M 

VIS 

514 

518 

_>•_>:, 
200 
IT.'.    
160 

131 

431 
391 

328 

1.,! 

354 

330 

440 

lo-j 
861 

ut> 

107 

366 

342 

451 
413 
372 
348 

i:><i 
417 
377 

}«;o 
421 
882 
358 

463 
•rjr, 
388 
862 

•His 
431 
392 

:<r>x 

475 
438 
398 

371. 

181 

in 
109 
382 

150  
140  
130 

311 

_".'! 

277 

311 
294 

?77 

314 

281 

305 

•Jvs 

326 
310 
294 

332 

322 

343 
328 
31? 

347 
330 
314 

352 

336 
822 

859 

343 

:;•>«> 

366 

352 

331  i 

Uo   
110 

?4? 

260 
242 

•j  ;  i 
247 

271 
254 

276 

•Jss 
"71 

•_>'.»  t 

"77 

296 

?8? 

3<r, 
•>SM 

312 

?90 

319 

-r 

100  

22  ; 

"Hi 

J_>  i 
216 

229 

??0 

•_•  ;r. 
227 

242 

_MO 

_>:,  i 

259 

272 

•>r,r, 

281 
274 

288 

•>s" 

. 
90  
B5 

B  i 

7:, 

205 
197 
186 
176 

205 
197 

186 
178 

210 
202 

1<»1 
L82 

218 
209 
!!>'.» 
190 

•JJ  J 
214 

196 

222 
212 

236 

•J'js 
220 
?10 

245 

238 
229 

•"ii 

252 
245 

236 
Wfl 

•jr,2 
252 
245 

•Jiis 
260 
252 
244 

275 

260 

•.'.-,1 

1 

70  . 
.... 
60.. 
56 
BO 
15 
10 

ir,r, 
156 
148 
139 
131 
122 
113 
103 

L66 
L56 

1^ 

139 
131 
122 
113 
103 

L72 
161 
151 

1  i:; 
134 
127 
119 
110 

180 
168 
158 
149 
142 
134 
126 
118 

186 
176 

n;i 
L55 
L46 

132 

124 

192 

182 
17:; 
162 
154 
IKi 
138 
131 

200 

190 
179 
169 
162 
154 
146 
138 

L»(K» 
!<><) 
187 
178 
170 
163 
1.54 
146 

218 

•JIH.) 

197 
187 
178 
170 
162 

226 
216 

•JOT, 
194 
186 
178 

231 

214 

202 
193 

242 

211 

95 

95 

101 

108 

115 

122 

130 

25 

85 

85 

92 

100 

107 

1  1  l 

20 

76 

76 

84 

90 

98 

15 

00 

60 

74 

83 

ID 

46 

46 

60 

30 

30 

1  0,  /,  and  I*  earh  >  142  ft.  R  *  1.5  L  - 


i  \ i    LOAD 


111 


TABU 


\U\i\n  u  PIEU  Rr.A< 


i   .    •  ...     -.-......     . 


T§ 


110 


880 

888 


175. 

1M. 

160 
140 

110 

86 

•Ml 

70 


.VJ  I 


879 
888 
848 

811 


888 

888 
880 
840 
820 


681 

B6 
167 
119 

880 
884 

884 

818 
804 

286 

no 


80fl 

J.-.7 


888 
808 

MB 
B8 
MM 

888 
878 
880 

:;u 
828 

806 

208 
200 

JSJ 

276 
288 


.M7 

610 

179 
B4 

886 
878 
886 

886 

820 

806 
888 

•_•««» 
889 


666 

617 

M9 
BO 
MM 
888 
874 
888 
844 


806 
108 


502 

m 

»•*, 

180 
188 
112 
M 

180 


.-•-' 


589 
BO 

M8 
186 

;.. 


09 

142 


174 


i-ji 


;:•• 

i'' 


Bl 


116 

MM 

':: 


35 


.> 


For  /,  and  I,  each  >\42  fl.  /?  -  1.5  L  + 


n  O  O 


112 


LIVK-LOAD 


TABLE  16 
EQUIVALENT  UNIFORM  LOAD>  iru  >  /.'lo  I... 

Values  in  Pounds  |MT  Ln>«-:il  1  «»«.t  pn  ! 
SHORTER  SEGMENT  h 


M 


40 


II 


U 


J.VI 

225. 

JM> 

175. 

160. 

150. 

140. 

130. 

120 

110. 

100 

95. 

90. 

85. 

80. 

70 
65 
60 
56 

18 

86 

30 
25 

_'M 

15. 

10. 

5 


50. 

•2~>~A )  2~>< X )  2  \i\(}  2  I :> 
26102.>t(i 


2x.~>0  2,  In  2''.,  I) 

29002770)27102680 

294028KM27402710 

300028od2780|2740| 

3020  288d: 

30502X90 


2  70  2350  2330  2310  2300  2290  2270 
.30  2  MM)  23X0  23602340232023102300 

1110211021202     - 

2.~>  10  24X0  24f>0  2420 

2.")  10  2.">00  21(10  2  130  2  120  J 4 00  23SO 

2.">i  11 1  J.Y2» )  2  t'.M )  2  !."»( I  2  i:  id  2  12(  >2  M  M ) 


3110292W2 


l">  10  c5770  S.")2o  ..;_''  i 
|5000|4000|3730  3450 

KXH)4000 
S(H)04(K)d.. 


101271 0|2670|2660|2620|26 1012580  '-•>  >  < ' 
2sOO  27  10  27(Hr2(170  2»1(10  2«1 10  2»120  2»1(H)  2"),xo 
2x10  27")0  2700  2«17()  2H«10  2(1")O  2(120  2(1OO  2">.XO 
2slO  27(10  27(H)  2(170  2(1(10  2(1."»0  2(120  2(1OO  2">xo 
27(M '  2" -tin  2(140  2(13O  2(110  2")(.M)  2">XO 
2 7 1  M  i  2>  it  .1 1  _'i !.")( )  2«)2( )  2( '.i  x  i 
27  lo  270O  2(170  2tiMO  2(KMI 
2780  2740  27 102()702(V-M) 
2S40  27HO  2740  2700 
2'.»OO  2x  lo 
i(H1029<102XSO 

n:>o302o 

!2XO  .  . 


2.~><  '»•  I  2 
2580 


_ :  (  n  >  J  / 1  n  i 
27'.M)' 


For  /,  and  I,  oaoh  >  142  ft.  q  =  (2.0  + 


1000 


LINK 


113 


TABLE 
EQUIVALENT  UNIFORM  LOAD* 
Pound,  per 


ro«  Coontft's  JNO 


961008000480 
888006100800 

MM 

Mao 

".V^>     >:,  Ill     '-,  Ml 

'  '  ,(  »  1      '  }  '  H  1 

•».^iii  '.Mo  '.v;ii 

•:,  1  1  1 

'",<^i  •  ',  it  i  I58Q 

" 

V^^)    ':,JH 

frfi             ':,.^i 

For  f,  and  /..  each   >142ft.9  - 


^  L°)  100° 


in 


U\  l.-l.o  \D    SI  III 


TVBLE  17 

EQUIVALENT  UNIFORM  LOADS  FOR  Com  |Q 

Values  in  Pounds  IMM-  I.im-nl  !',,•, t  j..r  i;..ii 


i 

0 

5    10 

16 

SO   25   80 

85 

40 

45 

50 

65 

250  . 

3190 
32(15 
3350 

8410 
3466 

3(120 
3.1X0 

3760 

..Mil 

3946 

10X5 

1215 

060 

4540 

1715 
4945 

541X0 
•  1250 
41.170 
7500 
10000 

3060 

31X0 
32410 
3290 
3310 
33X0 
3420 
8464 

35  K 

8664 
3604 

34114 
3(154 

3664 

3674 
3684 

3700 
37X0 
3860 
3970 

10X0 
1190 
4310 
4510 
4710 
6000 
6000 
6000 
5000 

3010 
30X0 
3130 
3190 
3240 
3270 

3760 

3X50 
3975 
40X0 
4215 
4400 
1IK10 
5000 
5000 

8010 

30410 
3110 
3170 
3210 
3210 

3900 
1000 
4150 
4315 
4560 

31  Id  3  1  111  3O7O 
3170  31  10  31  (Ml 
3210  3170  3130 

2910 

2954) 
2990 
3030 

301,0 
30X0 

3390 
3430 
34  X") 

2890 

2920 
29410 

3000 

3010 

3339 
3375 

2870 

2900 
2940 
2970 

3000 
3020 

3225 
.  12.  >.  i 
3275 
32X0 

.3295 

28602840 

2X902X70 
2920  2900 
29502930 
29X0  29410 
3OOO  29X0 
30  IX  30OO 

31173095 

3186  3166 
32103186 

32323210 

3250 
3252 

324413220 
3237.3215 
31943190 

3219 

200.... 
175 

160.  .. 

1  54  » 

140.  ... 
130 
120. 
110. 
100 
95. 
90. 
85 

80. 
75. 
70 
65. 
60. 
55.. 

50  . 

L6 

40.. 

35 

80 

3825 

3935 
4100 

34195 
37SO 

3595 

25..  . 
20. 

15..  . 
10  

5. 

For  J,  and  k  each  >142  ft.  g-  (2.5  +-^  ??)  1000 

'  i  <  ' 


115 


I   Mil  I      IT       •          M«W 


100 

l*.n 
I  to 

no 

jut 

•«) 

60 

BQ 


EQCIV 


„. 


For  /,  sod  /,  each  >I42  ft.  ff- 


1000 


PLEASE  RETURN  TO 
OEPT.  of  APPLIED  MECHANICS. 


L16 


I. IN  B-LOAD    MKKSSES 


TABLE  18 
EQUIVALEN  n   I...ADIM; 

Valu<  >   Hi    Pound-  |MT  l.lln-al   loot    p.p   l!:u| 

SHORTER  SBOMBNT  /. 


i  • 


r. 


I  .  •    -  /   v      •   . 


260 

826 

•JIM) 

175 

ItM) 
150 
L40 

120 
no 
100. 
95. 
90. 
85. 
80. 
75. 
70. 
65. 
60. 
55. 
50. 
45. 
40. 
35. 
30 
25. 
20 
II 
10 
5. 


8780  3670  :>".-.o.;.,  in 


35303490347 


38303740X700  .;r.m  :; 


M:,IO  x:»oox4so:;i7o 


3820376037303700  36603620 


1020 
1000 


X'.uo  :ix:io  :;x(M»  X77o  :;7:;o  :ir,so  : 


4210 
4270 

4X10 
4420 

!.-,()() 
ir.io 
J.-.70 
ic.20 
1  tit  10 


woo  :i 


xo:>o  xxoo  xx:,n  xxm  3770  X72o!xc,70  3620  xr,(M)  x:>so  x.v>o 

4010  3920  3890  3850  3800  37C,o:;:o<  i  :;•  i:,o  :;c,2o  :;c,no  ;  ,so 

KM08Q708M03SS03S4037SO 

41 10  4010  3970  3910  3850  :;v2n 

4150407040203960 

4210412040704000:. 

270  ti iio  1120  loxo  xoso: 

:;2o  I2o: i  11  lo  IOC.M  loin  : 
21  o  1 1.">0  loso  1O2O  • 

XXO    210  1  HiO  10X0  1010  : 

380 


170!)  1100 
17X0  1120 


260^4180  4100  4070  4<>i 1 1 
•JSO,  12(M)  11 2«»   I'MiO  JUKI 

;io  121H  n:;n  rmo  IOK 


10 
xo 


I'.xn  l.-,io  1X20' 1220  llXo!l(M)OX9SO  3960 3950  3t 

5060  HVio  I:;MO  j-jiio  n  10  lor.o  KHKI  :;(i70 3940  390013840 3830 

523047(io  i:,(K)  1X70    2(M)  1120  K Ho  4010395039003860 

310)4180  1100407040103960 

39042604180412014060 

:>io  »xr»o42i»o  ii'.»o 

r,(Mi  1  HO  i::ji> 


i.;n  I7so  if, 
!7o  I'.HMI  ic, 
c,:-;io :,  no  .".IHIO 

5590|5180|4920 
SOOO  6000  6000  5470 

0000,6000  6000 

120WW6000 


For  /,  and/,  oarh  >  142  ft.  7 


1000 


117 


TABLE  1A.-C 
EquiTAUurr  Uxiruiui  IX>AM  ro»  Coora't  Ml 
Pound*  per  Lorn!  Pool  per  lUil 


118 


LIVE-LOAD    MKK>si-;s 


TABLE  19 
INFLUENCE-LINE  ORDINATES  FOR  M  FOR  GIRDER  BRIDGES  WITHOUT  J  i  Ofr 

BEAM8 

Values  of  -V 


-r 

•» 

6 

10 

15 

20 

25 

80 

35 

40 

45 

50 

56 

1,11 

.90 

ss 
s:, 
s:, 

S3 
S3 
si 
so 
.78 
.76 
.75 
.74 
.72 
.71 
60 
.67 
.64 
.62 
.58 
:,:, 
.50 
.44 
.37 
.29 
4.17 
4.00 

?,  50 

9.62 

'.Mil! 
9.52 

9    13 
9    13 
93.-> 
.)  31 

K29 

.)  23 
9.17 

.»09 

0.06 

.»  (H) 
S  91 

S    X9 

s  S3 
s  7.-, 
s  r,7 

s  r,s 
s  4<i 
s  33 
8.18 
S.OO 
7.78 
7.50 
7.14 
r,  <i7 
r,  (K) 
5.00 

14.14 
14.06 
13.97 
13.83 
13.70 
13.64 
13.55 
13.44 
13.33 
13.19 
13.05 
12.95 
12.85 
12.76 
12.63 
12.50 
12.35 
12.20 
12.00 
11.79 
11.53 
112.-, 
10.91 
10.50 
10.00 
9.38 
x.r,s 
7.50 

18.5 
18.4 
18.2 
17.9 
17.8 
17.6 
17.5 
17.3 
17.2 
16.9 
16.7 
16.5 
16.4 
16.2 
16.0 
15.8 
15.6 
15.3 
i:,  o 
14.7 
14.3 
13.9 
13.3 
12.7 
12.0 
111 
10.0 

22.7 
22.5 
22.2 
21.9 
21.6 
21.5 
21.2 
21.0 
20.7 
20.4 
20.0 
19.8 
19.6 
19.3 
19.0 
18.8 
18.4 
18.0 
17.6 
17.2 
16.7 
16.1 
i:,   1 
14.6 
13.6 
12.5 

26.7 
26.5 
26.1 
25.6 
25.3 
25.0 
24.7 
24.4 
240 
23.6 
23.1 
22.8 
22.  •> 
22.2 
21.8 
21.5 
21.0 
20.:, 
20  0 
19  4 
18.8 
IS  0 
17  2 
16.2 
15.0 

30.3 
20.9 

29  2 
2S.7 
2S.4 
2S.O 
27.6 
27.1 
2r,.<; 

2.-,.  9 
2.VC, 

21.  S 
24.3 
23  9 
23.4 
22.7 
22.1 
21.4 
20  r, 
19.7 
is  7 
17.5 

.;;  B 
33.9 

32.6 
32.0 

31.1 
30.6 
30.0 
29.3 

2S.C, 
28.1 
27.7 
27.2 
26  : 
2«;  i 
25.5 
24.8 
21  (> 
23  2 
22.2 
21.2 
20.0 

3(i  s 
35.8 
35.2 
34.7 
.11    1 
33.4 
32.7 
31.9 
31    i 
30.6 
30.0 
29.4 
28.8 
28.1 
27.4 
26.6 
25.8 
21    s 

28  : 
22.5 

41.7 

410 
100 

88.9 

3S  0 
37.6 
86.8 

3»i.l 
35.3 
34.4 
33.3 
32.  S 
32.2 
31.5 
30.8 
30.0 
29  2 
2S.3 
27.3 
26.2 
25.0 

i:,  2 
n  2 

13    1 
12   0 
11    0 

in  :; 

88.6 
37.7 
36.6 

34.8 
34.1 

33.4 
32  <i 
31.  S 
30  S 
29  S 
2S.7 
27.5 

is  a 

47.4 

I..   1 
11  6 
i::  7 
42.9 
12.0 
11    0 
40.0 
38.7 

33  3 
32.4 

.;i  2 

.;,,  i. 

226 

200 
175 

160 

140 

130 

120  

110 

100 

95 

90 

85 

80 

75 

70 

65 

60 

55  
50 
45.. 

40 
35 

30 

25  
20 



15  
10 
5 

. 


TABLE 

KNO-LlNB  OftDINATVtt  run  M  »«•«  (.IMMMI 


\  ,!,,.,,<  y 


•A        TO    |    7ft        90       U       M 

M    lit 

. 

. 

-.,  . 

51.651  6l57  500  I, 

H.    1    • 

U    '• 

»s   1  40  851  & 
12.  7!44.  6  If.  :<  is  I  »'•  '• 

n  s  »«. 

H  071   i 

M,  7.--.    i 

..i  IN  - 

.,1  IH  : 

•  in  7 

>    IV,- 

N  •  i  ; 

p: 

763 

. 

67.6 
•  «  • 
1 

• 
: 

-i  • 
:  : 

71  » 

:•;  ! 

•  .• 

S»2 

67  6700 

86 

100 

160 

Mi) 

100 

'Ml 

'•    Ml    H  . 

85 

-,11  n 

u 

75.. 

70. 
M 

120 


l.l\  EC-LOAD    MKKS8ES 


TABLE  20 

RECIPROCALS  or  INFLUENCK-LINE  ORDINATEM  FOR  Af  FOR  GIRDER  BKID-.I  - 
\\  iriiour  FLOOR-BEAM* 


Values  of 


tt 

SEGMENT  lt 


5 

10 

15 

20 

25 

30 

35 

40 

t:, 

II 

55 

250 

204 

.104 

0707 

.0540 

OHO 

.0374 

032«i 

0290 

02(i2 

0210 

.0221 

DJII7 

.».'.') 

204 

.104 

0711 

0.-,H 

OU1 

037s 

0330 

0295 

02C,«i 

0244 

022C, 

0211 

200 

20.-, 

.!().-> 

.0716 

O.V,0 

.0450 

03s:; 

03(X> 

.0272 

0250 

0217 

17.-, 

20T, 

IOC, 

0723 

O.V,X 

ot:,7 

0842 

(1.1117 

0279 

0267 

023X 

0224 

ir»o 

20<i 

lor, 

.0730 

0.->(i2 

(>4r,2 

039<i 

0848 

0819 

.0284 

02Ji3 

.0244 

0229 

i:>o 

207 

.107 

073:; 

o:>r>7 

()4C,(i 

Oi(M) 

0352 

0317 

02xx 

021  Hi 

(  >•_>  1  s 

140 

207 

107 

073s 

o:,7i 

.0172 

oio:, 

0357 

0321 

0293 

.0271 

0253 

130 

20S 

10x 

07  11 

o:,77 

0177 

.0110 

03ti3 

.0327 

0299 

0277 

0259 

0241 

120 

20s 

10X 

0750 

o:,x:i 

.01X3 

.0417 

03«J9 

.():{33 

.030T. 

.02X3 

0266 

Q260 

-£ 

110 

209 

109 

07:,x 

().-,91 

(M91 

0124 

037(1 

0341 

0311 

.0291 

0268 

— 

KM) 

210 

.110 

O7ti«i 

()!•,()() 

().-,(  H) 

.0133 

03xr, 

0350 

0322 

0300 

0282 

0267 

z 

M 

211 

.111 

0772 

0!io:, 

().-,().-, 

013x 

0391 

0355 

.a327 

0305 

02X7 

0272 

^ 

90 

211 

.111 

077s 

(Hill 

().-,!  1 

.O444 

.0397 

03.-.1 

.0383 

0811 

0293 

0277 

.J 

s.5 

212 

.112 

07X4 

or,  is 

0517 

.0451 

0103 

.(Mix 

.(«40 

0818 

0299 

02X1 

L 

SO 

213 

.113 

0792 

.(Mi2r> 

.O.V2.-I 

0468 

.0411 

0375 

.O347 

0326 

0307 

0292 

i 

7-, 

213 

.113 

0X00 

or>33 

oior. 

.0414 

.03X3 

o:',.-,r, 

0833 

.031") 

0300 

f 

70 

214 

.114 

Oxl(> 

(HU3 

0643 

O17C, 

O42X 

.03»i.-) 

.0325 

0309 

— 

u 

21.-, 

.115 

0x20 

()f,:,t 

O.V>4 

01x7 

O14O 

0404 

037C, 

.0353 

.0321 

fiO 

.217 

.117 

(Ki3 

0!>r,r. 

().-,»•  7 

(  ),**)(  H  ] 

.O452 

(M  17 

.03XX 

o:  ;»'.r» 

0333 

:,;, 

21.x 

lix 
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